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IN THIS I[SSUE 


DENTISTS not only make us writhe in their chair, 
they also sometimes set the engineer some neat 
problems. The vibrometer which we describe on 
page 49 has been developed as a dentist’s tool 
and its external form bears his unmistakable 
mark. However, although the author assures us 
that the force exerted is but a fraction of an ounce 
and that “the molecular structure of the test 
piece is usually left undamaged ” (we recommend 
that sentence to the dentist !), nevertheless we 
sincerely wish our readers to make its acquaintance, 
not as victims in the dentist’s chair, but as factory 
managers and research engineers. The range 
of such a single-purpose instrument is, of 
necessity, rather limited, and it will have to be 
specially designed to suit any particular range of 
applications. It should, however, be a valuable 
new instrument for the testing of materials and 
components, especially in research and mass pro- 
duction. One could think of quite a few pro- 
duction tests for which there is as yet no non- 
destructive test method or for which existing 
vibration test methods are rather cumbersome, 
e.g., soundness of riveted or soldered joints, inter- 
ference fits, extremely rapid and accurate testing 
of dimensions in some complicated cases, density, 
damping qualities, and elastic moduli of materials, 
surface qualities and finish. In every case, the 
test piece can quickly and accurately be compared 
with a standard sample. Deviation limits can 
be calibrated so that the instrument can then be 
handled by the unskilled operator like a simple 
gauge. The design of the instrument shows the 
compactness and seeming simplicity of modern 
microphone construction, and the design calcula- 
tions afford an elegant example of the method of 
equivalent electric circuits for mechanical vibra- 
tion problems. There can be no doubt about 
the robustness of the instrument if one is to 
judge from its original purpose. 


*x * x 


The problems connected with the manufacture 
of power capacitors, especially for high voltages, 
are being intensely studied in all highly indus- 
trialised countries. It is, therefore, interesting 
to learn how these problems are being dealt with 
in the Soviet Union. The article by Morozov 
overleaf shows that the manufacture of power 
Capacitors has not yet quite reached the standards 
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of advanced countries like U.S.A., but that 
much has already been done and still more is 
intended to be done both in research and practical 
application. To meet the difficulties which the 
Russians were not alone in experiencing with the 
usual insulating oils, new synthetic impregnating 
liquids, Sovol and Siloxanes, were developed and 
introduced, although nothing is disclosed about 
their chemical composition. The results are 
claimed to be good. Great efforts are being made 
to achieve standardisation of manufacturing equip- 
ment and of capacitor types. Much attention is 
being devoted to the study of the causes of break- 
down in dielectrics in general and capacitors in 
particular. 

A great and very important contribution to the 
manufacture of capacitors, not only for tele- 
communication services but also for power pur- 
poses, was made in Germany, as reported in the 
short abstract on page 65. By using extremely 
thin foils of about 0°1 micron, any electrical short- 
circuit caused by a breakdown of the dielectric is 
restricted to its immediate vicinity, due to the 
ohmic resistance of the foil, and therefore pre- 
vents the destruction of the dielectric further 
away, as in the usual capacitors. The capacitor 
thus recovers instantaneously after any breakdown 
and remains in service. Such capacitors may be 
made of single layers of paper for telecommunica- 
tion services and may comprise two layers for 
power purposes ; they are, therefore, smaller in 
size and cheaper to manufacture than the usual 


es. 
‘YP * * * 


The article by Kobrynski on the de- 
termination of the noise spectrum in aircraft 
cabins, see page 38, gives a method which may 
also be applicable to other types of machines and 
structures. The contributions of various sources 
to the total noise are first identified and studied 
over the range of loads and speeds considered. 
From the experimental data thus obtained, em- 
pirical coefficients are determined, which are 
then employed in formulae expressing the varia- 
tion of the overall noise level as a function of the 
main variables. These formulae can then be 
used to predict, within certain limits, the noise 
spectra of similar designs. The attenuation due 
to panels and composite structures is calculated 
in detail, and a synthetic curve of the attenuated 
noise spectrum in the aircraft cabin is finally 
obtained, the results being in fairly good agree- 
ment with the measured values. 
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The Manufacture of Capacitors in the Soviet Union 


By M. M. Morozov. 


GENERAL 


THE application of power capacitors, especially for 
high-voltage in electrical engineering, has increased 
considerably, and many designs of capacitors have 
been developed to conform to the many technical 
demands made upon them. As a rule, power capacitors 
are made of condenser paper impregnated with insulating 
liquids or semi-liquids. The severest conditions prevail 
where there is a permanent application of a.c. voltages ; 
the conditions are less severe in the use of capacitors 
for rectifier circuits, protection against surges and for 
impulse test equipment. From the point of view of 
severity of service conditions, capacitors can be grouped 
as follows : 

(1) for cos¢ improvement in power frequency circuits, 
for protection against electrical surges, and for 
voltage regulation ; 

(2) for high-frequency carrier-current capacitors in 
high-voltage transmission lines, and for shunting 
high voltage d.c. transmission lines ; 

(3) for high-frequency induction melting furnaces, 
heating and tempering plant up to 10,000 cps; 

(4) for rectifier filters ; 

(5) for different impulse test equipment. 


BASIC DIELECTRIC CHARACTERISTICS 


The behaviour of dielectrics in power capacitors are 
characterized by the loss angle 6 and the electrical 
safety. Values of tand = 0°15 — 0°50 per cent were 
obtained, depending on the paper density. Long 
capacitor life is assured rather by the constancy of 
tand during service than by its absolute low value. 
A progressive increase of tanéd in service is a sign of 
deterioration in the dielectric and indicates the possi- 
bility of approaching breakdown. The reliability of 
power capacitors depends on the gradient at working 
voltage. The gradients which can be recommended 
are: 

(1) 12 — 15 kV/mm for a.c., high-voltage capacitors 
at power frequencies in permanent service. Lately, 
the gradient for cos¢é capacitors has been reduced 
to 12 kV/mm, thus increasing their safety ; 

(2) 7-5 —9-&kV/mm for high-frequency carrier-current 
capacitors up to 300 cps in high-voltage transmission 
lines ; 

(3) 4 — 9 kV/mm in high-frequency plant, depending 
on the frequency and the design of the capacitors ; 

(4) 25 — 35 kV/mm in rectifier plant ; 

(5) 35 — 45 kV/mm, and in special cases up to 60 
kV/mm, in impulse tests. 

Nothing can, so far, be said of the ageing of oil- 
impregnated capacitors, owing to the fact that the 
industrial application of Soviet-manufactured capacitors 
is comparatively new. Such capacitors have been in 
service for more than 10 years without deterioration 
(manufactured in the Peter Alexeyev factory with paper 
from the factory in Serpukhov, Moscow District, and 
others). It seems that the life of well manufactured 
capacitors in normal service is the same as of high- 
voltage cables. 

It was found that breakdowns in pre-war capacitors 
occurred predominantly in the hot summer months 
at room temperatures of 35 — 40° C. Breakdowns 
also occurred when the voltages rose to 110 — 112 
per cent normal. This points the way to an extensive 
study of service conditions for capacitors. 

Transformer oil specially purified by adsorbents 
and vacuum-dried is used for power capacitors. The 
oil should be chemically stable and have a low loss 
angle. Since 1948, oil for capacitors has been pro- 
duced to special requirements; it is basically the same 


36 


(From Elektrichestvo, No. 11, 1949, pp. 10-19, 8 illustrations.) 


as transformer oil, but has improved characteristics, 
which qualifies its use for capacitors. Mineral oils 
have some deficiencies and it was, therefore, essential 
to obtain more suitable impregnating substances. A 
synthetic insulating liquid, called ‘‘ Sovol,’? was de- 
veloped, which has considerably better properties than 
mineral oil. Lately, it has been found that by adding 
some ingredients, the dielectric permittivity could also 
be raised. 

A modified Sovol is very suitable for filter capacitors 
and for impulse capacitors where special requirements 
as regards inflammability and explosiveness are specified. 
In other cases of high-voltage capacitors for rectifier 
circuits or for impulse equipment, Sovol could not te 
used because of its toxicity and high cost, and was 
replaced by hydrogenated castor oil, a plastic product 
similar to vaseline. Liquid “ Siloxanes” developed 
by K. A. Andrianov are used for some types of power 
capacitors. These Siloxanes have a higher thermal 
stability and might serve as valuable impregnating 
substances for a number of special power capacitors 
in spite of their high cost. Their application will 
increase with a lowering of the price of Siloxanes. 
Research is in progress in connection with the use of 
semi-conductive impregnating substances for low vol- 
tage cos¢d capacitors. Such impregnating substances 
involve higher losses, but the reactive power of the 
capacitors can be doubled or even trebled. For the 
time being, Sovol is the most widely chosen impreg- 
nating substance for power capacitors. 


DESIGN 


Preference is given to the manufacture of small 
standard units of 10 kVAr impregnated with trans- 
former oil and of 15 kKVAr with Sovol. Prior to the 
war, units of 6 and 21 kVAr were produced. The 
reasons for giving preference to small units—which are 
also preferred in U.S.A.—are: 

(1) greater reliability in service; failure of a single 
unit does not affect the running of the plant; no 
necessity for keeping large stocks of reserve units ; 

(2) more cooling surface per kVAr, and therefore, 
greater safety ; 

(3) extensions of a capacitor plant can be carried out 
more easily ; 

(4) more suitable for mass production. 

Condenser papers of 7 — 8 w» are used for 380 and 
especially 220 volt capacitors. A standardised 1ank 
pressed in a single piece from 1 mm steel sheet is used 
whereas for higher kVAr, welded tanks of 1:5 — 2:0 
mm steel sheets are required. 

The manufacture of units larger than 15 kVAr 
demands much more expensive production plant, lifting 
facilities, and more powerful testing plant. It is 
advisable to limit the manufacture of larger units to 
higher voltages only, especially 3°6 and 10 kV. Capaci- 
tors of the order of 100 kKVAr should be built in indi- 
vidual cases for special conditions only. 

For voltage regulation in transmission lines, it is 
intended to produce standardised single-phase capacitors 
for 3, 6 and 10 kV (suitably insulated against the earthed 
-_ in units of 40 kVAr in hermetically sealed welded 
tanks. 

Prior to the war, capacitors for induction furnaces, 
heating plant, etc., were standardised for 500 and 2000 
cps for 1:5 and 3 kV in units of 12— 14kVAr. At 
present, these capacitors are produced for 500, 1000, 
2000, 2500 and 8000 cps, for 375 — 3000 V, in units 
of 10 — 150 kVAr. A great reduction in the sizes of 
capacitors was achieved by the introduction of artificial 
water cooling to dissipate the heat generated in the 
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dielectric. Instead of water pipes, according to a 
suggestion by S. K. Medvedev, double-walled tanks 
were used, which proved to be cheaper and lighter. 
They allow the flow of water in 2 — 3 capacitors in 
series, do not require special water purification and the 
use of high pressure, and considerably reduce the weight 
of the capacitors. This artificial cooling, together with 
the use of Sovol as impregnating substance, enabled a 
considerable increase in the power of the units and 
a decrease in the price per KVAr. 

High-frequency carrier-current capacitors for high 
voltage systems are being produced for outdoor service 
in porcelain containers for 110, 154 and 220 kV, con- 
sisting of 2, 3 and 4 elements in series. The voliage 
of the units will be increased so that one element will 
later be used for 110 kV and two units for 220 kV. 
A further increase in the voltage of units is of no ad- 
vantage. 

Capacitors for high-voltage rectifiers, d.c. cascade 
generators, high-voltage test plant, electron microscopes, 
X-ray apparatus, radio communication, etc., are termed 
“filter capacitors’ and are designed for permanent 
service in rectifier circuits with superimposed a.c. 
voltages. This a.c. component should not exceed a 
certain percentage of the basic d.c. voltage, in accord- 
ance with the following table. 





Frequency of the a.c. 
component in cps 


A.c. component as a per- 
centage of d.c. 








up to 50 | 10 

50— 300 4 
300— 2000 1:5 
2000—10000 | 0:7 





However, for a number of power plants, as in case 
of resonance filters for traction substations, commuta- 
tor plant for transmission lines, high-voltage direct 
current and other purposes, capacitors are required to 
stand up to the d.c. voltage superimposed by a con- 
siderable a.c. component, which would generate heat 
in the capacitor. The following table shows the power 
of the a.c. component which has to be considered in 
the design of capacitors, for traction substations. 





Frequency in cps of Voltage of the a.c. Effective current 





a.c. component component in Amp/uF 
300 530 1 
600 368 1-44 
900 288 1-75 
1200 265 2 





The possibility of overvoltages in such transmission 
lines has also to be considered and the capacitors 
accordingly designed to ensure reliability. The de- 
veloped standard capacitor, of 5 uF for 4KV works 
satisfactorily. But the electrification of the railways on 
a big scale will demand capacitors of higher capacitance 
per unit. At present, 39 units are required for one 
complete resonance filter. This number will have 
to be decreased in future. 

More stringent technical conditions must be im- 
posed on capacitors of 100 kV, d.c., with superimposed 
40 kV, a.c., in commutator plant for d.c. transmission 
oo. These capacitors are being tested with 250 


Capacitors for high voltage impulse equipment as 
well as capacitors for X-ray plant, electron microscopes, 
voltage dividers, etc., are designed with cylindrical 
bakelite containers in units of 0°0022 — 0:030 uF and 
voltages of 40 — 300 kV. Capacitors for 300 kV 
00125 uF. have a diameter of 0:25 m and a total height 
of 1m. Fig. 1 shows the sizes of two high-voltage cap- 
acitors, an older one in a metal tank and a recent one 
in a cylindrical bakelite container. 
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Fig. 1. Comparison of the sizes of high-voltage capacitors. 

(a) Capacitor for 85 kV working voltage, 0-011 uF capacitance, 
weight 44 kg, 120 kV test voltage ; ; 

(b) Capacitor of recent design for 110 kV working voltage, 0-011 uF, 
19-3 kg, 160 kV test voltage. 


CONSTRUCTIONAL DETAILS 


The active parts of a capacitor are the sections 
built up of alternate sheets of impregnated paper and 
foil, in which the foils may alternately protrude on 
both sides of a section or remain inside the section. 
Protruding foils are of advantage for the removal of the 
heat generated in the dielectric. Experience has 
shown that in view of the small dielectric losses, the 
foils can remain inside, and so contribute to a reduction 
in the sizes of the tanks and also facilitate insulation 
against the earthed tank. High-frequency capacitors 
for induction furnaces are preferably designed with 
flattened sections and protruding foils for better heat 
dissipation. The tanks are hermetically sealed to 
prevent deterioration by air or moisture. The usual 
tightening up of the bushings by rubber or cork im- 
pregnated with glyptal do not provide sufficient tight- 
ness. In Sovol capacitors the use of rubber is not 
permissible, and therefore metallised porcelain bushings 
sealed to the lead of the tank are being used. Great 
care and cleanliness are essential in the manufacture 
of capacitors to avoid the penetration of dust particles 
into the dielectric. 

Mass-produced standard sections of a certain capaci- 
tance and voltage will enable the manufacture of high- 
voltage capacitors in an economical manner by connect- 
ing these sections in series and parallel according to 
the voltage and total capacitance of the required capaci- 
tors. Low-voltage capacitors are built up of parallel- 
connected sections. ; 

Accepting a gradient of 12 kV/mm and using 8 » 
paper, 220-volt power capacitors could be made with 
two sheets of paper, and 380-V capacitors with three 
sheets. In practice, however, two sheets are not 
reliable because of the likelihood of two weak spots 
of both sheets coinciding. Therefore, three sheets must 
be used for 220-V capacitors and four sheets for 380 V. 

The drying and impregnating of capacitors are the 
most important processes. Their aim is to remove 
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effectively any moisture and air from the paper and to 
replace them by degassed insulating liquid. Only 
perfect drying and impregnation assure stable values of 
capacitance and resistance and guarantee a low loss 
angle. According to data published on this subject, 
it takes from about 100 hours up to 15 — 20 days to 
complete the full treatment, comprising air drying, 
blowing, application of high and very high vacuum, 
impregnation, cooling, etc., all under different tem- 
peratures. 

The vacuum plant itself plays an important part. 
The processing has been worked out satisfactorily, but 
it cannot yet be said that the technique is final. A 
great deal of research work has still to be done. 


PROBLEMS OF THE FUTURE 


Within the framework of the five-year plan, a number 
of problems in the manufacture of capacitors is still to 
be solved, among which the following will be mentioned: 
(1) The number of standard types should be increased 

in accordance with the requirements of industry 

and scientific institutions ; 

(2) the characteristic properties should be improved to 
satisfy more exacting requirements as _ regards 
quality of basic materials, design and processing ; 

(3) the reduction in weight and size and the study of 
the behaviour of capacitors in service ; 

(4) extension of the basis for laboratory research as 
well as experimental research in factories ; 

(5) standardisation of plant for the manufacture of 
capacitors ; 

(6) the study of the behaviour of cosé capacitors in 
service, the causes of breakdown, and the deter- 
mination of the life of capacitors in service. 

The manufacture of capacitors is still in its early 
stages and there is still a great deal to be done. The 
demand for specially trained personnel is still great. 
Scientific research work has to be directed towards: 
(1) determining the optimum temperatures and degree 

of vacuum necessary to cut down the duration of 

the whole process ; 

(2) studying and introducing effective controls in the 
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technique of drying and impregnating according to 
electrical requirements, and designing the appro- 
priate plant; 

(3) studying the possibility of h.f. heating to obtain 
perfect drying, and designing the necessary equip- 
ment ; 

(4) designing more perfect plant for drying and im- 
pregnation ; 

(5) investigating new impregnating substances, especial- 
ly chlorinated substances of the pentachlorodiphenyl 
type with admixtures for stabilization, and additions 
increasing the dielectric permittivity; 

(6) investigating the application of semi-conducting 
liquids for low-voltage capacitors ; 

(7) investigating the use of metallised paper for power 
capacitors ; 

(8) carrying out a full investigation of the physical and 
dielectric parameters of condenser paper, transformer 
oil, condenser oil and Sovol, with the object of 
obtaining data for high-quality capacitor parameters 
and for perfect characteristics from both a technical 
and economical standpoint ; 

(9) studying the causes of breakdown of capacitors 
during testing and in service, and developing a 
basic theory of breakdown ; 

(10) studying the ageing of capacitors and determining 
their service life under different service conditions; 

(11) determining experimentally the optimum service 
gradients for different types of capacitors and ser- 
vice conditions ; 

(12) comparing different constructions of capacitors ; 
determining the optimum sizes, cooling surfaces 
and weight per kVAr; 

(13) comparing the component parts of capacitors: 
sections, mechanical parts, insulation against earth, 
tanks, bushings, etc. ; 

(14) investigating mechanisation problems in the pro- 
duction process ; 

(15) investigating and designing the best possible 
equipment for the production of capacitors, welding 
machines, vacuum impregnating plant, presses, 
winding machines, etc. 


A Method for the Calculation of the Noise Spectrum 
of Aircraft 


By M. KosryNnskKI. 


Tuis article describes an approximate method for the 
calculation of the noise spectrum of aircraft. The 
method is based on considerable research work on 
aircraft in flight and on theoretical and experimental 
investigations of the acoustic properties of simple and 
composite structures. 


GENERAL OUTLINE OF PROCEDURE 

The noise level in the cabin of an aircraft is the 
result of (1) engine noise; (2) aerodynamic noise and 
noise due to structural vibration; and (3) noise gener- 
ated by electric motors, fans, compressors and auxiliary 
units inside the fuselage. 

The procedure will consist in determining first the 
spectrum of the external noise, and then the decibel 
attenuation due to the sound insulation of the cabin. 
The cabin noise level is then obtained by subtracting 
the attenuation loss from the original level, assuming— 
as is admissible in most cases—that the background 
noise generated inside the cabin is negligible. 


CALCULATION OF THE EXTERNAL NOISE 
SPECTRUM 


Strictly speaking, such a calculation should be the 
outcome of an extensive study of each source of noise 
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to be considered. Systematic work with this object 
in view is in progress at the acoustic laboratories of 
O.N.E.R.A. (Office National d’Etudes et de Recherches 
Aéronautiques). 

An approximate calculation giving reasonably accur- 
ate results can, however, be carried out by recon- 
structing the external noise spectrum from the analysed 
data of noise tests made in aircraft during flight, and 
making allowances for the acoustic insulation of the 
fuselage, which can be calculated. 

The “average noise spectrum ” thus obtained is a 
characteristic curve for aircraft of the same class with 
similar types of propulsion units. The present analysis 
is for aircraft conforming to the following specification : 


(1) power plant: 2 or 4 engines, with three-bladed 
airscrews, and exhaust collector rings ; 
(2) cruising conditions: airspeed 280 km/hr (174 


mph) ; 
(3) fuselage insulation: surface density not exceeding 
2°5 kg/m? (0°512 lb/sq ft). 


All noise measurements are referred to a microphone 
position 60 cm (approx. 2 ft) inside the fuselage, and 
less than 2 m (63 ft) away from the airscrew level. 
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Octave Filter Analysis. The noise spectrum, i.e., 
the intensity of the noise plotted as a function of fre- 
quency, is determined with a frequency filter. An 
octave filter with 8 octave frequency bands is normally 
used. It has been found convenient, however, to 
redistribute these octaves into 4 zones as follows :— 








Zone A | Zone B Zone P Zone H 
Octave 37 5-75 150-300 600-1200 
bands 75 - 150 300-600 | 1200-2400 | 4800-9600 
[cps] 2400-4800 | 
Type of Ist and 2nd | exhaust | aerodynamic noise 3; and 
noise harmonics | n 0 i s e; | harmonics of noises al- 


of angular | higher air- | ready listed 

velocity of | screw har- 

air screw | monics; 

| blade vor- 
tices ; aero- 

dynamic 

| noise 





The higher frequencies have been split up into two 
zones P and H, because the three octaves of zone H 
are those which mainly affect speech intelligibility. 


Estimation of the Average Noise Level of Zone A. 
This average level is defined as the arithmetic mean, 
in decibels, of the first two octaves. 

The major parameters related to the sound levels 
of zone A are: (1) engine power; (2) blade tip velocity ; 
(3) minimum distance between the blades and the 
fuselage. An experimental study of these parameters 
has given the following results :— 

An increase of 4V, = 100 m/sec (328'1 fps) in the 
peripheral velocity V, of the airscrews corresponds to 
an increase of 9 db of the average noise level of zone A 
(hence J, = 9 x V,/100). 

This average level is increased by about 5°5 db 
when the horsepower HP, of each engine is doubled 
without altering the airscrew velocity (hence J, = 1873 
log) (HP/HP»)). 

Therefore, assuming V, = 210 m/sec (689 fps) and 
HP, = 600 bhp, and introducing an additional para- 
meter to take account of the effect on the sound level 
of the minimum distance d, [cm] of the blade tips 
from the fuselage, we obtain the following empirical 
expression for the average noise level J, of zone A: 


108 155 
I, = 102 + (—-—) + 
d, dy? 


18°3 log,» (HP/600) + 9(V,— 210)/100 [db] .. (1) 
The approximate accuracy of this formula is of the order 
of +3 db. 

When the airscrews are not of the three-bladed 
type, it is still possible to calculate 7, after making a 
suitable correction. The noise level under otherwise 
similar flight conditions decreases, generally, when the 
number of blades is increased. 

The calculation assumes that the surface density 
of the sound-absorbing material is less than 2°5 kg/m? 
(0°512 lb/sq ft). As the acoustic transmission factor 
of the fuselage is very high for frequencies below 150 
cps, it is reasonable to assume that the sound level 
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Fig. 1. Curve showing the spectrum of the external aircraft 
noise, relative to the average noise level of Zone A. 
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determined by eq. (1) is the same outside and inside 
the fuselage. 

Noise Levels of Zones B, P and H. The general 
external noise spectrum of an aircraft can be approxi- 
mated by adding a constant number Jy of decibels to 
the intensity J, of zone A taken as reference level. 

The constant Jy varies somewhat with the range 
of frequency octaves considered, and is determined 
by measuring the internal noise spectrum and the 
fuselage insulation of various aircraft. It should be 
remembered that the transmission coefficient of the 
fuselage decreases at higher frequencies (see Fig. 1). 


CALCULATION OF THE ACOUSTIC 
INSULATION OF THE CABIN WALLS 
The insulation or noise level reduction obtained in 
a closed space placed in a uniform sonic field is given by 
2 (S; ai) 
Tp = 10 log,, ————_ [db] a (2) 
2 (S; 7;) 
where S; denotes the areas of the various surfaces of 
the enclosure, and «,; and 7, are the corresponding 
absorption and transmission coefficients. 

The results obtained by employing eq. (2) to de- 
termine the sound levels of aircraft cabins are in fairly 
good agreement with measured values, the errors being: 
-+ 3 db for zone A, + 5 db for zone P, and + 6 db 
for zone H; it being understood that the values of « 
and 7 used are those of the lowest band frequency for 
each octave band considered. 

Typical Acoustic Structures for Fuselage: 

These can be divided into two classes, viz. :— 

(1) non-porous structures: (a) single panels: dural, 
bare or covered with a non-porous coating, 
windows, plywood panels, etc.; (6) multiple 
paneis: dural backed by non-porous materials, 
double windows, etc. ; 

(2) absorbent structures: (a) single panels: dural 
backed by material with an air space; (6) multiple 
panels: dural with one or more layers of acoustic 
materials separated by a layer of air. 

Calculation of the Transmission Coefficient. 
la. Single-layer non-porous structure. 

The calculation is made assuming that (a) the 
panel is an inert mass without rigidity; (6) the wall 
thickness is small relatively to the wavelength of the 
sound wave in the material, and (c) the panel is situated 
in an incompressible medium with a resistivity pc which 
is small as compared with that of the panel material. 

For an incident sound impinging normally to the 
panel, we have 

Pi — P2 = imwd [dyne/cm?] 
wherei? = —1; p, and p, = sound pressure [dyne/cm?] 
in front of and behind the panel, respectively ; m = mass 
of panel per unit area [gr-mass/cm?]; w = forced 
vibration frequency [rad/sec]; 0 = linear vibration 
velocity of panel [cm/sec]. Both p, and p, are sinusoidal 
functions of the forced vibration frequency w. 

The transmission coefficient 7 is the ratio of the 
transmitted energy mwv to the incident energy pcv, 
per unit area, hence the decibel attenuation is 

Tz = 20 logy [wm/(pc)] [db] ae <a (3) 
where w = 2zxf = forced-vibration angular velocity 
[rad/sec]; m = mass per unit area [gr-mass/cm?]; p = 
mass density of air [gr-mass/cm*]; c = sound velocity 
[cm/sec]. For air, pc = 41:5 [gr-mass/(cm? sec)]. 
The theoretical curves calculated by means of eq. (3) 
are shown in Fig. 2. 

The true attenuation of dural, Plexiglass, and other 
panels as measured in the laboratory is different from 
the theoretical value, owing to panel resonance effects, 
which are particularly noticeable at low frequencies. 
However, for panel areas exceeding 1000 cm? (155 
sq in) and frequencies above 700 cps, the average value 
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Fig. 2. Weight-law attenuation curves giving the attenuation obtained with non-porous structures. 
The dotted parts of the curves indicate the range of frequencies likely to vary if the panel or window 
were to vibrate under resonant conditions. 


of the true attenuation is roughly equal to the theoretical 
value. The weight-law attenuation curves of Fig. 2 
for various values of the mass density per unit area, 
will therefore be used. to calculate the probable average 
Ip values for the metal covering of the fuselage, the 
flooring, and the windows. 

Fig. 3 gives the transmission coefficient 7 calculated 
for ‘sequencies of 300, 1000, and 5000 cps, for single- 
layer non-porous structures. 
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Fig. 3. Transmission coefficient 7 for three characteristic 

frequencies as a function of surface density, for single-layer 

non-porous structures = safety glass, plywood, 
etc. 
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1b. Multi-layer non-porous structures: 

For structures consisting of two non-porous closely- 
coupled layers, such as duralumin backed by a “ Lin- 
crusta”’ lining, or double windows, the attenuation 
can be estimated from the law for two closely-coupled 
masses; m is then the total mass density of the two 
materials per unit area. 
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However, the rigidity of the air layer must also be 
considered, and at higher frequencies the true attenua- 
tion is greater than that given by the simple mass law. 
The calculation is then still possible, but becomes 
rather complicated, and it is frequently necessary to 
resort to experimental methods. 

2a. Single-layer absorbent structures: 

The decibel attenuation is approximately given by 
the weight attenuation law for the medium frequency 
band. For higher frequencies the true attenuation is 
greater. 

The number of decibels in excess of the theoretical 
value is a function of the thickness of the acoustic 
material laid on the metal, and its specific flow resist- 
ance (defined as the ratio of the pressure difference on 
the two panel surfaces to the linear velocity of the 
air flowing through the material). This ratio has to 
be taken into account because part of the sonic energy 
is dissipated in the form of heat as a result of air friction 
in the porous material. 
2b. Miulti-layer absorbent structures: 

For frequencies below 1000 cps there is a consider- 
able difference between the true attenuation and its 
calculated value. The type of acoustic material used, 
its surface density, and the thickness of the air layer 
between the two coupled masses, have a marked effect. 
At higher frequencies, the attenuation is generally 
greater than that given by the mass law. Its value at, 
say, 5000 cps can be calculated from the specific flow 
resistance of the material and the total surface density 
of the composite structure. 


Calculation of the Absorption Coefficient. The ab- 
sorption coefficient can be calculated from the acoustic 
impedance at the surface of the material. The im- 
pedance Z [acoustic ohms/cm?*] is defined as 


Z=R+iX=|Z |e? 


where R = acoustic resistance [ohm/cm?] = com- 
ponent of particle velocity which is in phase with 
pressure, in two-dimensional wave propagation; X = 
iwm — 1/(wC,) = acoustic reactance, iwm being the 
inertance, with m = mass per unit area, and i/(wC,) 
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the capacitance, with C, = V/(pc”), where V = volume 


_ of material, p = air density, and c = sound velocity. 


The value of the impedance varies generally in 
magnitude and phase; it is frequently expressed in 
the form of the ratio Z/(pc). Under resonance condi- 
tions, the reactance is zero, and Zres = 

The following relationship between ‘the impedance 
Z and the absorption coefficient « can be obtained by 
considering the pressure and the particle velocity of a 
system of stationary waves, when the incident wave is 
combined with the wave reflected from the material : 


Z cos 6 — pc 


= 1— (4) 





Z cos 8 + pe | 


where 6 = angle of incidence (9 = 0 when the sound 
wave is normal to the surface). 


In the case of normal incidence we can write 
= 4pc/[(R + pc)? + X27]... Se (5) 


For Bo incidence, the absorption coefficient «,, 
can be represented as a function of the components 
R/(pc) and X/(pc) of the impedance Z, as shown in 
Fig. 4. These curves indicate that «, tends towards 
unity when Z approaches Zres = R. 
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Fig.4. Relationship between the absorption coefficient ,, 
for normal incidence, and the acoustic impedance Z. 


Impedance and Physical Properties of Materials. 
Various formulae have been developed for the calcula- 
tion of the acoustic impedance. The calculation is 
possible in certain cases, provided the values of 
the following three parameters are already known :— 

(1) the specific flow resistance pc; 

(2) the porosity, characterised by the ratio of the 
enclosed volume of air to the total volume of 
the material ; 

(3) the effective density of the airin the pores. Owing 
to the vibration of the air in the pores and the 
surrounding fibres, the air density in the pores 
can be considerably higher than that of the free 
air. 

For most acoustic materials, these three constants 

are independent of frequency over a wide range of 
frequencies (between 100 and 6000 cps). 


FEBRUARY, 


1950 Volume II, No. 2 


CALCULATION OF THE INTERNAL NOISE 
SPECTRUM OF THE AIRCRAFT 


The calculation consists in determining the sound 
levels of zones B, P and H, after obtaining the scund 
level for zone A by means of eq. (1). 

The spectrum of the external noise of the aircraft 
being given, the sound levels of zones B, P and H inside 
the aircraft can be obtained by subtracting the decibel 
attenuation due to the fuselage from the corresponding 
levels of the external noise spectrum. The reduction 
in decibels is calculated by means of eq. (2), and the 
values of « and 7 are determined as indicated in the 
previous section. The characteristic frequencies used 
for the three zones considered are as follows :— 





Zone B P H 





Characteristic frequency 300 1000 5000 
[cps] 





The surfaces of the cabin include the cabin walls, 
separating it from the outside of the aircraft, and 
various partitions, which close the adjoining compart- 
ments. When dealing with partitions it is necessary 
to divide the calculated coefficients by a factor taking 
account of the acoustic insulation of adjoining com- 
partments. 

For instance, for the 5000 cps band, 7; should be 
divided by 20 when the adjacent compartment is air- 
tight but not acoustically treated. A higher factor, 
between 20 and 100, is necessary if the adjacent com- 
partment is sound-proofed, whereas a smaller factor is 
to be used when the compartment communicates with 
the outside air. 

For the 1000 cps band, 7, should be divided by a 
factor varying between 10 and 40; and a factor between 
1 and 10 is required for 7)., according to the case 
considered. Adequate values for these correction 
factors can only be determined after the investigator 
has gathered sufficient experimental data from various 
tests. 

The plotting of the internal noise spectrum of the 
fuselage is made considerably easier by means of the 
graphs of Figs. 5, 6 and 7. Graphs of this type, based 
on theoretical and experimental considerations, were 
first produced in the United States. For instance, for 
an «/7 ratio calculated for 300 cps, the upper and lower 
limits of the sound level of the 300-600 cps band can 
be determined from the corresponding 300 cps ordinate, 
in decibels, relative to the average level of zone A. 
The points determined in this manner are plotted for 
the 300-600 cps band of the noise spectrum being 
evaluated. 


NUMERICAL EXAMPLE 


The method previously described will now be 
employed to determine the noise spectrum in the 
pilots’ cabin of an S.O.95 airliner. 
Calculation of the Average Noise Level of Zone A. 
The aircraft data required are as follows :— 
Horse-power per engine: 380 hp; engine speed: 
2900 rpm; _ three-bladed airscrews ; airscrew 
diameter: 2°70 m (8 ft 10°3 in.);_ minimum distance 
between blade tips and fuselage: 14 cm (5-51 in.); 
reduction gear ratio: 1: 1°75; peripheral velocity 
of blade tips: 234 m/sec (767°7 fps); air speed: 
280 km/hr (174 mph). 

From eq. (1), the average sound level of zone A is: 

I, = 109 + 3 db. 

Colculation of the Cabin Noise ‘Seatian. The sur- 
faces of the pilots’ cabin comprise: 

(1) the floor surfaces, consisting of duralumin sheet 
0°7 mm (0:0276 in.) thick or Brodeau type ply- 
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Fig. 5. 


Abscissae: A/T for 300 cps. Ordinates: Noise levels of the 

300-600 cps band relative to the average level of Zone A, in decibels. 

Procedure: (1) Calculate A/T for 300 cps; (2) Determine the 

upper and lower limits from this graph and add these = 

to the values for Zone A determined from Fig. 2; (3) Plot the two 
points in the corresponding 300-600 cps band. 


wood, according to the position in the cabin. 
Both materials have a surface density of 2°32 
gr-mass/cm?. The floor is covered by a rubber 
carpet. Floor area 2 x 2°26 m? (48°653 sq ft); 

(2) the fuselage and cabin roof, made of duralu- 
min, 0°6 mm (0°0197 in.) thick. Total area: 
8:46 m? (91:063 sq. ft.). The sound-proofing 
includes a layer of fibre material cemented on to 
the walls and roof, with a surface density of 800 
gr/m*. These plates are covered with a lining 
of Pegamoid, a non-porous fabric with a density 
of 400 gr/m*, fixed on the stiffening ribs, which 
are 45 mm (1°77 in.) high. A sheet of plywood 
of 1000 gr/m? backed by a Pegamoid cover is 
placed over the emergency exit; 

(3) the partition between the pilots’ cabin and the 
passengers’ cabin, made of duralumin sheet 0°64 
mm (0°0252 in.) thick. The communicating door 
is also of duralumin. The sound-proofing cf the 
partition and the door is similar to that given 
under (2) above ; 

(4) windows of Triplex and Plexiglass, 5 mm thick. 
Triplex: area 0°68 m? (7°319 sq ft); Plexiglass: 
area 0°52 m? (5'597 sq ft). 

Transmission coefficient. 


(a) Flooring. In order to take account of the 
insulation of the fuselage portion under the flooring, 
the transmission coefficient for 5000 cps given by the 
graph of Fig. 5 will be divided by 5, since this part of 
the compartment is not air-tight. 

(b) Fuselage walls. For the portions of the fuselage 
which are covered with Pegamoid, the coefficient 7, 
will be divided by 5 to take account of the additional 
attenuation due to the air layer. 

(c) Partition. The passengers’ cabin is not treated 
but can be regarded as air-tight. Consequently, 7, 
will be divided by 20 and 7, by 4, while 7 ., remains 
unchanged. 

The total attenuation 27 provided by the surfaces 
of the pilots’ cabin is calculated as shown in Table I. 

Absorption Coefficient. 

The absorption coefficient for the three frequencies 
300, 1000 and 5000 cps depends on the materials used 
and the manner in which they are coupled together. 
The absorption contributed by the Pegamoid is due to 
the diaphragm effect. The absorption due to each of 
the members of the crew (three) is expressed in 
equivalent Sa terms (where S = area, and g = 
absorption coefficient). 
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Fig. 6, 


Abscissae: A/T for 600 cps. Ordinates: Noise levels of the 

1200-2400 cps band relative tothe average level of Zone A, in decibels, 

Procedure : (1) Calculate A/T for 1000 cps; (2) Determine the 

upper and lower limits from this graph and add these algebraically 

to the values of Zone A determined from Fig. 2; (3) Plot the two 
points in the corresponding 1200-1400 cps band. 
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Fig. 7. 
Abscissae : A/T for 5000 cps. Ordinates: Noise levels of the 
4800-9600 cps band relative to the average level of Zone A, in decibels. 
Procedure : (1) Calculate A/T for 5000 cps; (2) Determine the 
upper and lower limits from this graph and add these algebraically 
to the values of Zone A, determined from Fig. 2; (3) Plot the two 
points in the corresponding 4800-9600 cps band. 


The exact value depends on the type of clothes 
worn by the crew and on the frequency level. Generally 
the following values are attributed to each person in 
the cabin: 

S%-3 = 0°28 m*, Sa, = 0°37 m’, Sa; = 0°46 m’. 
The total absorption coefficient is given in Table I. 

Determination of the Upper and Lower Levels of the 
Noise Spectrum. The evaluation gives the following 
results :— 

Qo-s/To3 = 373 01/7, = 422; 5/75 = 21,400, 
and using the graphs of Figs. 5-7, we obtain the calcu- 
lated spectrum shown in Fig. 8. 

It should be borne in mind that this approximate 
determination of the average spectrum in the pilots’ 


cabin is related to a specified microphone position and} 


it is assumed that all the cabin surfaces have fairly 
similar acoustic properties. In the aircraft considered 
in this example, the noise levels of the three octaves 
chiefly affecting speech intelligibility are high. Table 
I shows which surfaces are responsible for these high 
noise levels. 

Experimental Verification. The noise spectrum in 
the cabin was subsequently measured during flight 
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| Weight-law 
: , Surface attenuation Total Total 
Ref. ; Material Area | Thickness density factor attenuation | Absorption absorption 
No. [m2] {mm2] [gr/cm2] 70-3 71 75 Ao-3 1 As| hos i Os | Akos AXi Aks 
| 10-6 x10-6 
Duralumin | 2-6 0-8 |) 2,300 7, 
Brodeau 12-0 ) [ 2500 200 1-6* 6500 5204-0 | 0-1 0:10-2 | 0-26 0-26 0-52— 
1 - | fdooring || | 
|| Rubberized 3-0 1200 |) | 
Carpet | 
Duralumin 4:8 0-6 1,740 | | 
+Fibre 1- | } 
material ma | 
2,540 | 8000 650 30 38,400 3120 144 | 0-05 0:05 0-2 0-24 0-24 0:96 
Duralumin 0:6 1,740 | | | 
tFibre 2-6 1- 800 | | 
material | | 
2 Pegamoid 1:0 400 | 
2,940 5500 480 4* 14,000 1250 10 0-4 0°15 0-1 | 1-04 0:39 0-26 
Duralumin 0:6 1,740 | 
tFibre 1-0 800 | | 
material | | | 
| Plywood 1-06 4:0 1,000 | | 
\| Pegamoid | 1:0 | 
3,940 | 3200 260 2 3,400 270 2 G1 0-3} 0-3 0-10 0-10 0-10 
Duralumin 0-74 0-64 1,890 | 
+Fibre 800 | 
material ——— | | 
| 2,690 | 7000 140* 1-2* 5,200 100 0-89 6:05 0:05 0:2 | 0-04 0-04 0°15 
| Duralumin 0:64 1,890 
\tFibre 0-38 1-00 800 
| material 
3 || Pegamoid 1-00 400 | 
3,090 5500 110 0-9 | 2,100 42 0°34 0-3 0-10:1 0-11 0-04 0-04 
| Duralumin 0-64 1,890 | | 
tFibre 1-00 800 
material 
Plywood i-2 4-00 1,000 
Pegamoid 1:00 400 
4,090 3000 60 0-51 3.100 60 0:51 | 0-1 0-1 0-1 0-10 0-10 0-10 
4 { Triplex 0-68 5-0 1k-5 400 2@ 63-5 270 20 1-0 0 0 Oo _-_— lc 
Plexiglass 0-52 5- 6:35 1400 100 4:5 720 52 2-3 0 0 =#«O _-_ -—lc 
5 Crew of three _ — —_ —_— —_ —_ sie “aap lla ee 0-84 1-11 1-40 
_ _ — — — — _ ,73,690 5430 165 = _-_ —- — 
| (x 1076) 
a ‘am | i = ee a =—- —_— —_—- — — | 2:73 2°28 3°53 
(* = see text.) (t Quilted mineral wool fibres.) 
under the cruising conditions specified. The experi- CONCLUSIONS 


mental spectrum is indicated by the dotted line in Fig. 8. 
It is seen that there is reasonably good agreement 
between calculated and measured values, with the ex- 
ception of the 300-600 cps band. The high noise 
levels of this band can be ascribed to the type of ex- 
haust system used, which consisted of separate pipes 
with free exhaust into the atmosphere. 


NOISE LEVEL[DECIBELS] 


wee 6 = ss 
3888 s8 





ISO 300 600 
150 300 600 1200 2400 4800 
FREQUENCY BANDS [cps] 


1200 2400 


1<75 79 #>4800 


Fig. 8. Noise levels in pilot’s cabin of Airliner S.O. 95. 
Solid lines : Calculated limits of noise level. 
Dotted line: Noise spectrum measured during flight. 
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The approximate calculation of the noise spectrum 
in an aircraft cabin is achievable by means of the method 
described, which can therefore be substituted for the 
purely empirical methods still used to some extent 
by acoustical engineers. 


Further research work is, of course, necessary to 
improve the calculation accuracy; further data are 
required regarding exhaust noise, the aerodynamic 
noise due to various types of fuselages and air screws, 
etc. Laboratory investigations are being continued 
in order to find the coefficients for various standard 
types of panels and to determine the materials which 
will give maximum absorption for minimum weight 
ovey the range of frequencies required. 
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Change Wheel Gearing 


By O. Licutwitz, M.I.MECH.E. 


(Continued from Fanuary issue) 


(c) Determinants 
The form | > 4 = (ad — bc), encountered in the 


previous section, is the simplest form of a determinant 
which is quite sufficient for the present purpose. De- 
terminants have several interesting properties, but only 
two need be mentioned here. This section, which is 
not required for actually computing change gears, may 
be skipped by those who are prepared to accept some 
later statements without proof. 


(1) If all elements of a horizontal row or a vertical 
column are multiplied by the same number, the value 
of the new determinant is the same as if the value of 
the original determinant had been multiplied by that 
number. 


In the determinant | : < | = (2x 31) —(9 x 7) 
= — l, the first column may be multiplied by (— 1). 


|=7 31 =—(2x 31I)+ (9x N=+1, 


ee 29 
which is the same as — | 7 31 | 


(2) If the elements of a row or a column are multi- 
plied by the same number, and added to the elements 
of the other row or column, the value of the determinant 
is not changed. 


, On +2 9 
For example, the determinant | sin 197 3/= 





13 Ps 3 as can readily be proved: (9 x 31 m) + (2 x 31) 
—(9x 31n)—(9x TJ) =—1. 

Another example : 
| o—2 9| |—2 9 eft — 
|3ln—7 31|° |—7 31 (ion. | (iam : 


(d) Linear Equations 

A linear equation or an equation of the first degree 
is one which contains the unknown quantities only in the 
first power, e.g., 5 x = 15, with the obvious solution 
x = 3. 

If there are two simultaneous linear equations with 
two unknowns, there is one solution for either unknown, 
as is shown in the following example: 

3x -+ 4y = 46 
2x + 5y = 47 

To reduce the task to the simpler one of solving 
one equation with one unknown, 
one of the unknowns is elim- 
inated, e.g., by multiplying the 
first equation by 5, the second 
by 4, and subtracting the second 
from the first. 


BGs.s) 


15 x + 20y = 230 
8x + 20y = 188 





es = 42, 


with the solution x = 6. The 
value x = 6 is inserted in any 
of the equations, for instance, 

4y = 46— (3x6) = 46 — 18 
= 28, with the solution y = 7. 
The same result is obtained 
more quickly by means of Fig. 5. 
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determinants. A determinant : 5 | = 7, is formed 


by the coefficients of x and y in the equations above. 
In order to evaluate the unknown x, the coeff- 
cients of x in that determinant (3 and 2 respectively), 
are replaced by the values on the right-hand side of 
the equations (46 and 47 respectively), leading with 
the coefficients of the other unknown (4 and 5 respec- 
tively) to the determinant | pe : | = 42. The un- 
known x is obtained by 42 ~ 7 = 6. 

In order to evaluate the unknown y, the coefficients 


of y in the determinant | : : | (4 and 5 respectively), 


are replaced by 46 and 47 respectively, leading with 
the coefficients of the other unknown (3 and 2 respective- 


ly) to the determinant [2 46| — 49. y is obtained 
by 49 = 7=7. 

ea ee 

eu | 47 5 | = [3 5 | —@+7=6 

. 9908) . 134) a 


For the purpose of computing change gears it is 
in most cases only necessary to know the quotient y/x 
of the unknowns. It is then unnecessary to solve the 
equations, and a shorter method than that shown by 
the above example results in: 


y 49 7 


42 6 


3 46 
2 47 


46 4 
| 47 9 











(e) Analytical Geometry of the Straight Line 


Many arithmetical problems can be presented and 
solved graphically by means of analytical geometry. 
The axes OX and OY (Fig. 5) are at right angles to 
each other, and the position of a point P is determined 
by its distances x and y from the axes; x is called the 
abscissa, and y the ordinate; together, x and y are called 
the co-ordinates of P. 

An abscissa to the right of OY (called the y-axis) is 
positive, and to the left it is negative. An ordinate 
above OX (called the x-axis) is positive, and below 
OX it is negative. The point P, in Fig. 6, for instance, 
would be called (10, 2), the point P, (— 3, 5), etc. 

Any relation between two unknowns can be repre- 





Graphical representation of points and straight lines. 


THE ENGINEERS’ DIGEST 





sente 
that 
the F 
need 
A 
conn 
is, a 
units 
strais 


y 
of th 
A 


equa 
sents 
“lin 


repre 
(the 
ae. 
at rz 
by t 
(1, 3; 


E 
with 


passi 
be tr 


5x 


2x 
it cal 


in o 
two 





FEE 


‘med 


OVE, 


ely), 
le of 
with 
spec- 


ients 


ely), 
with 
tive- 


ined 


it is 


the 
n by 


and 
etry. 
*s tO 
ined 
| the 
alled 


s) is 
nate 
low 
nce, 


pre- 


| 


| 





LAL ab | 





sented by a line, and the equation which expresses 
that relation is called the equation to that line. For 
the present purpose, some properties of linear equations 
need only be considered. 

An equation such as x = 3 determines a line which 
connects all points for which the abscissa x = 3, that 
is, a straight line parallel to the y-axis at a distance 3 
units from it. The equation y = — 1 represents a 
straight ae parallel to the x-axis at a distance (— 1). 

y = 0 is the equation of the x-axis, and x 0 that 
of the y-axis. 

As in the simple equations considered above, any 
equation of the first degree with two unknowns repre- 
sents a straight line and they are, therefore, called 
“ Jinear equations.” 

Any equation of the form y = mx, or y/x = m, 
represents a straight line passing through the eolet 0 
(the origin). The equation may be, for instance, y = 
3x. In order to find a second point, x may be ame 
at random, for instance, 1; the corresponding y is 
3x 1= 3. The equation y = 3 x is thus represented 
by the straight line connecting the points (0, 0) and 
(i; 3): 

Equations of the form ane = 
with later. They are represented by straight lines 
passing through the origin, because the equations can 
be transformed in the following manner: 


ax + by = cnx | dny 
(dn — b)y = (a—cn)x 


n will be met 





y a—cn 
—_= = constant. 
6 dn—b° 

If the equation, for instance, is: 


oo a 2 
— = — (a=5,b= l,ce= 
2x +4 3y e 
it can be transformed into 
y 5—(2/3 x 2) 15—4 11 
x (2/3 3)—1 6—3 3 

An equation of the form a x + by = cis represented 
by a straight line not passing through the origin, and 
in order to plot the line, it is necessary to determine 
two points. 

The equation may be 2 x + 7y = 14. If we 
choose arbitrarily x = 0, then 7 y = 14, or y = 2. 
One point is, therefore, (0, 2). If we choose y = 0, 
then 2x = 14,orx = 7. Another point is thus found, 
(7, 0). 

The same result is obtained if the equation 2x {| 7y 
= 14is transformed so that the constant on the right 
hand side is 1, that is, by dividing both sides by 14, 


2,4a=— n= 2/5, 








Fig. 6. Graphical solution of two simultaneous linear equations with two unknowns. 
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2 7 
—x+—y=1,0r 
14 14 

x Jy 

7 2 


The value by which x is divided is the intercept on 
the x-axis, and the value by which y is divided is the 
intercept on the y-axis. 


In Fig. 6 the two equations : 
3x -\|4y = 46 
2x + 5y = 47 


are represented graphically, and the two straight lines 
intersect at the point (6, 7). It will be remembered 
that these two equations were solved earlier in this 
chapter, with the result x = 6, and y = 7. The 
graphical interpretation of the ratio y/x = 7/6 is a 
straight line passing through the origin and the point 
of intersection of the two straight lines. 

The equation or equality 3 x 4 y = 46 repre- 
sents all points on that line. The inequality 3 x + 4y 
< 46 represents all points in the area below that line, 
and 3 x 4 y~ 46 all the points in the area above it. 


CHAPTER III 
COMPUTING CHANGE GEARS 


If the ratio of the speeds of the driven and driving 
shaft, or that of the numbers of teeth in the driving and 
driven gear, is as simple as, for example 5/8, the change 
gears can easily be found in 20/32, or 25/40, etc., 
according to the available gears. 

If the ratio is, however, 503/809 (both numerator 
and denominator are prime numbers), the exact ratio 
can be obtained only if there are gears with 503 and 809 
teeth, or a multiple of these numbers. Such large 
gears with unusual numbers of teeth are impracticable, 
and it is necessary to replace 503/809 by a more suitable 
fraction. One approximation is 5/8, and it is difficult 
to state a better one offhand. 

In addition, the required ratio may be, and often 
is, stated as a decimal fraction for which there is no 
suitable exact fraction; for instance, it is obviously 
not feasible exactly to obtain the ratio 0°8693 = 8693 
10000, as 8693 is a prime number. 

The problem, therefore, resolves itself into one of 
determining a fraction which approximates to the 
exact ratio with the required degree of accuracy. 

Two methods of obtaining the approximate fraction 
are detailed in this chapter. 

According to one method, the exact ratio in decimal 
form is converted into a common fraction. There are 
many tables of fractions, arranged in ascending or 
descending order of magnitude, 
and frequently called Brocot 
Tables, which are useful for 
that purpose; this particular 
method often renders further 
computation unnecessary. 

The other method is based 
on an extension of continued 
fractions, if necessary, involving 
the assistance of graphical 
methods, and it enables suit- 
able approximate fractions to be 
derived with a predetermined 
degree of accuracy. 

Before proceeding to de- 
scribe actual examples of com- 
puting gear trains, the method 
of extended continued fractions 
should be explained as follows. 

Let us assume that the ratio 
9/31 is required, but that no 
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gears over 30 are available. The first step in the 
search for substitute fractions is the application of 
continued fractions. The example 9/31 was discussed 
in Chapter II (6), and the scheme obtained was: 


3 2°74 
iO 1°29 
0.2 3 isl 
31 9 4&1 0 


ee oe 


0/1 = 0, and 1/0 © are not, of course, reasonable 
values, and there only remains the poor choice of 2/7 
with a negative error, and 1/3 with a positive error. 
We shall now see whether there are other suitable 
fractions. 


If a fraction is generally called a/b, the error is the 


clifference between a/b and 9/31, or a/b — 9/31 = 
(31a—96)/31 6. 

The error, related to 9/31 is (31a — 9b)/31b ~— 9/31 
= 3la—9b)/9b 


The conditions of a small error are, (i) that the 
denominator 6 of the substitute fraction be large, and 
(ii) that the value (31 a—9 6b) be small. As aandb 


are whole numbers, (31 a— 9 6) = 9 | must be a 





whole number too, and its minimum is + 1. 
It ry explained in Chapter II io) “that not only 


2 9n +2 9 
| 3] : | but also | 31n 7 3] | is equal to 
(— 1). Therefore, not only does a = 2, and 6 = 7 
satisfy the condition | re Bs | = — 1, but also 
a=9n-+ 2,and 6b = 31n + 7. 


Any whole number substituted for m maintains a 
and 6 as whole numbers, and as for the present case 
the denominator (31 n +- 7) must be a number between 
0 and 30, there is no other choice than m = 0, which 
renders a = 2,andb = 7. The fraction 2/7 therefore, 
is the best approximation with a negative error. 


It was also found in Chapter II (c) that not only 


|= 3 iI but also ~ ll: a is equal to + 1. 


1, therefore, leads to 


a= 9n—2, b=31n—7. 

As here again (31 n — 7) must be between 0 and 30, 
there is no other choice than m = 1, which renders 
a=9—2=7,andb = 31—7 = 24. Asb = 24 is 
larger than the value 3 already known, the fraction 
7/24 is the best approximation with a positive error. 

The condition of the second best approximation 
to 9/ - with a positive error is that, besides a large b, 


The condition I Ps | = 


\¢ 3] i | - = 2. Because he 7 | = 1, a suitable 
determinant of the value 2 is | ite Pr a | > Or more 


9n— 4 9 
generally | * i 14 31 


proximation a/b can be obtained from: 
a=9n— 4=(9n—2)—2 
b= 31n— 14 = (331 n—7)—7 


There is no other choice than n = 1 which renders 
a= 7—2=5,andb = 24—7 = 17. 

The fraction 5/17 is thus obtained by repeatedly 
subtracting 2 and 7 respectively from the numerator 
and denominator of the previously found fraction7/24. 
Another - anager ggee is analogously found in (5 me) 
(17 — 7) = 3/10, and a further approximation in 
(3 — 2)/(10 — 7) = 1/3. The latter fraction is already 
known from the original scheme of continued fractions, 





» and the second best ap- 
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and we can thus interpolate between 9/31 and 1/3 the 
fractions 7/24, 5/17, and 3/10. 

The fraction 3/10 is only the next best approxima- 
tion with a positive error after 5/17, if fractions are 
considered which consist of smaller numbers than are 
used in 5/17. The fraction 1/3 is the next approxima- 
tion only among the fractions consisting of smaller 
numbers than those in 3/10. It will actually be found 
- on that better values are available within the range 
of 30. 

The method of interpolation demonstrated was 
merely chosen for the purpose of explanation, and the 
same results can be obtained in a simpler manner from 
the scheme of continued fractions; the values originally 
found, or the convergents, are indicated in the following 
scheme in heavier type. 

We subtract from the numbers 9 and 31 (exact 
value 9/31) the numbers 2 and 7 (convergent 2/7) until 
we reach the pair of numbers 1 and 3 already known 
as the next lower convergent in the scheme (1/3). 
This pair of numbers is disregarded, but it indicates 
the sign (+) of the errors of all fractions thus inter- 
polated. The same procedure is carried out for the 
next consecutive convergents 2/7 and 1/3, which leads 








2—1 1 1—1 0 
to the fractions =—, and —— = — with 
7—3 4 4—3 1 
negative errors. Similarly, between the convergents 
1 0 1—0 1 1—0 1 
—and — the fractions =—, —— = -, 
3 1 3—1 2 2—1 1 


1—0 1 


and = — with positive errors can be interpolated. 
0 





1—1 
Neglecting the first line, which is no longer required, 
the extended scheme is as follows : 


(om t £424 8 FB 
01 1 23 4 7 «10 17 24 31 
Bemimwa Sst seis 
+ + Sew + + 4 


It will be found that any two consecutive fractions 
in the extended scheme are conjugate. The last three 
lines, as in the original scheme, indicate the error co- 
efficients, and it will be shown how the figures in the 
third line (numerators of the error coefficients) are 
found. 

The numbers below the convergents 1/0, 0/1, 1/3, 
2/7, and 9/31 are, of course, the same as in the original 
scheme. The number below the convergent 2/7 is 1; 
for every case where 2 and 7 were subtracted from 9 
and 31 respectively, 1 is added to the error co- 
efficient of 9/31 (i.e., 0); below 7/24 there is the 
number 1, below 5/17 the number 2, and below 3/10 
the number 3. 

In a similar manner, for every case where 1 and 3 
were subtracted from 2 and 7 respectively, 4 (the 
number below the convergent 1/3) is added to the 
error coefficient of 2/7 (i.e., 1). Below the fraction 
1/4 there is thus to be found the number 1 + 4 = 5. 

Again the numbers for the fractions interpolated 
between 1/3, and 0/1 are 4 + 9 = 13, and 13 + 9 = 22. 

The error, for example, of the fraction 1/4 can be 
found from the extended scheme as follows: absolutely 
— 5/4 x 1/31 = — 5/124; and related to 9/31, 
— 5/4 x 1/9 = — 5/36 of 9/31. 

The values with the sign and those with the 
— sign are best considered in two separate groups, as 
in the following scheme. 





f— on > oo 
tanh i ss & F © 21 0 
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Ir both groups the error is smaller, the nearer the 
value stands to 9/31. 

If all the numbers up to 30 can be used, the best 
approximation with a negative error is 2/7, and the 
best one with a positive error is 7/24; the latter is 
preferable, as the denominator 24 indicates a smaller 
error. 

The extended series of fractions is a modest selection, 
and a scheme of all possible fractions would comprise 
as many values as combinations of 30 elements in groups 
of 2 can be selected. Readers familiar with combina- 
tions will find that there are 435 combinations; this 
number would actually be somewhat reduced, as several 
combinations are equivalent (e.g., 3/5 = 6/10 = 9/15, 
etc.). 

If in the two fractions a/b and c/d, a, b, c, and d are 
positive values, it can easily be proved that the value 
of (a + c)/(b + d) lies between a/b and c/d. Applying 
it to the scheme above, (7 9) /(24 31) = 16/55 
thus lies between 7/24 and 9/31 and it would involve 
asmaller error than 7/24; however, it was assumed that 
only numbers up to 30 are available, and also no useful 
value can be interpolated between 5/17 and 7/24 as 


17 + 24 = 41. 
It is, however, possible to interpolate between 
34+5 8 
3/10 and 5/17 the value ——-——- = —. Further val- 
104+.17 27 


ues could be interpolated in the same way between 
the new fraction 8/27 and its neighbours 3/10 and 5/17, 
but they involve numbers exceeding 30. 

Between 1/3 and 3/10, the fraction 4/13 can be 
interpolated, and between that fraction and 3/10 there 
is the fraction 7/23. Between 1/3 and 4/13 there is 
the value 5/16, and the scheme below shows the further 
interpolated fractions 6/19, 7/22, 8/25, and 9/28. 

Between 1/2 and 1/3, and still further to the left 
of them, many other fractions can be interpolated 
which, however, differ considerably from 9/31. 

On the side with the negative errors, no suitable 
fractions can be interpolated between 9/31 and 2/7, 
yo ee between 2/7 and 1/4, and still more between 

‘4 an Ve 





The method may be demonstrated by way of the 
fraction 9/31, and we start once more from the simple 
scheme on page 46. Fractions have been interpolated 
by adding the numerators and the denominators of 
two fractions. In a similar manner, a new fraction 
m/n may be formed from the fractions 2/7 and 9/31, 
by combining x parts of 2/7 with y parts of 9/31, 
resulting in: 

2x + %9=m 
Ix+3ly=n 


As was shown in part (d) of Chapter II, the solutions 
of these two equations are: 








m 9 | |2 m 

n 31 | |7 n 
12 9f 12 9]. 

7 31 | |7 31 


As 2/7 and 9/31 are conjugate fractions, the de- 
terminant in the denominator of x and y is — 1 (in other 
cases it may be 1). The determinants in their 
numerators are whole numbers, provided that m and n 
are whole numbers. For any fraction m/n, therefore, 
there must be whole numbers x and y which satisfy 
the two equations above. As any pair of consecutive 
convergents are conjugate, it is obvious that any fraction, 
close to or far from a required value, can be combined 
by means of two consecutive convergents. 


ae 9y 
Returning to the fraction , the difference 
7x+3ly 
2x+ Oy 9 2% oy 9 
between and — is ————— — = 
7x+3ly 31 7x+3ly 31 
x 1 1 
——— = — es; or, related to 
31 (7x+31y) 31 7431 y/x 
9 1 1 9 1 1 
" : 
3) 31 7 31 y/x/ 31 9 7 31 y/x 


To keep this difference small, y/x must be kept 
large. y/x = constant represents 
a straight line through the origin 


> 





— 
1 3 5 
2 


a] ) 
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The scheme above shows the fractions which can 
be interpolated within the range of 1/3 to 1/4. In 
practice, the interpolation need only be carried out 
until a suitable fraction is found on either side of the 
fraction to be replaced. This, nevertheless, mostly 
involves quite lengthy schemes, and it is easily possible 
to overlook a suitable interpolation. A graphical 
method will, therefore, be demonstrated, which makes 
the process of interpolating more obvious. 
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of a graph. The larger the con- 

stant, the steeper is the straight 

line. The extreme y/x = © (or 

x = 0) is represented by the y-axis. 

In Fig. 7 the straight lines pass- 

ing through the origin and through 

points A (8, — 1), B (5, — 1), 

4 C (— 5, 2), and D (— 3, 1) are 

plotted. The line OA forms a 

smaller angle in relation to the 

positive direction of the y-axis than 

line OB. Line OC, on the other 

side of the y-axis forms a smaller 

6 angle in relation to the y-axis 
than line OD. 

If we insert x 
2x+9y 

in —————, 
Tx+3ly 

@ x 8s) —@ > 


— 
1 
4 


= 8,andy = —1 
we obtain 


y 4 





(7 x 8) —(31 x 1) 25 

The point A thus represents the fraction 7/25, B the 
fraction 1/4, C the fraction 8/27, and D the fraction 3/10. 
It was already found that 7/25 is a better approximation 
than 1/4, and 8/27 better than 3/10. Fig. 7 thus 
shows that the smaller the angle between the y-axis, 
the origin, and the point representing the fraction, the 
smaller is the error. Points representing fractions with 
positive and negative errors are separated by the y-axis. 

In order to demonstrate the method of finding the 
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 EG103) 


error, let us choose a point not yet considered, e.g., the 
point E (— 10, 3), which represents the fraction 
— (2x 10) + (9x 3) 7 

=-—. The 
— (7x 10)+ (31x 3) 23 

error coefficient is the same as that of the fraction, i.e., 
(— 7x 10) + (1 3) = 23. From the fourth and 
fifth lines in the scheme on page 46, the figure of 
the error coefficient is (— 1) for the convergent 2/7, 
and 0 for 9/31. The numerator of the error coefficient 
of the point (— 10, 3) is obtained by combining (— 10) 
parts of (— 1) with 3 parts of 0, that is, (— 1) » (— 10) 
t+ (0x 3) = + 10. 


denominator of the 





The error coefficient is thus 10/23; the error is 


10 1 9 
absolutely, + — <x —; and the error related to — 
23° 23) Sit 
10 if 9 
is + —x —of —. 
25° = 9 31 


If, instead of using the exact 
value and the first convergent 
two consecutive convergents are 
used, the process is similar; it 
may be demonstrated in the 
same example by using the con- 
vergents 1/3 and 2/7 for com- 
bining. 





Fig. 7. Diagram for investigating 
errors, the exact value being re. 
presented by the y-axis. 


example; it will be remembered 
that the figures in the last two 
lines of the scheme were }{ 4 for 
the convergent 1/3, and — | for 
the convergent 2/7. 

For example, the point E (3, 2) 
represents the fraction 








(Ix+2y) (1x3) + (2x2) 7 

3x+7y (3x3)+(7x2) 23 
The error co-efficient of that fraction is 

4x — ly (4 = 3) — (1 x 2) 10 

3x + Ty (3:3) C0 <2) 23 


as already found above. 


As shown by Figures 7 and 8, any point in the 
graphs with whole-number co-ordinates can be used, 
and fractions with any required small error can be 
obtained if there are no restrictions. However, re- 
strictions must be made, both with regard to the avail- 
able change gears and with regard to the amount of the 
permissible error. 

These restrictions in respect of the change gears 
themselves will be determined by the suitability of the 


| 
| 














E(3.2) 





The exact value 9/31 is then 
obtained by combining x parts 
of 1/3 with y parts of 2/7. The 
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exact fraction, therefore, is no 
longer represented by the y-axis, | 
but by a straight line which con- | 


nects the origin with the point \-4 


3 ee 


an 


- @ I Zi 3 4) a 6) 











(x, y), which itself complies with [ 
the two conditions : | | 
Ix+2y= 9 | | 


| 














| | 
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polls 





3x +7y =31 


moots Fig. 8. 
The equation of that line is: rm 


me i, 9| | Fe Ot sy 
Se |3 31 | 317 | 
as was described in Chapter IT (e). 

The line y/x = 4 is plotted in Fig. 8. The points 
pertaining to fractions with positive errors lie on one 
side, and those for fractions with negative errors on the 
other side of the line y/x = 4. 

The points A, B, C, D, and E represent the same 
fractions as the analogous points in Fig. 7. The 
criterion for the error is the angle which is formed by 
the straight line y/x = 4, and the straight line connecting 
the origin with the point representing the fraction. 

The errors are similarly combined as in the previous 


~] = 4, 
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the straight line y/x 


fraction represented by the chosen point (x, y). In 
the case of a two-gear train, it must have a numerator 
and denominator which can be provided by one of the 
available change gears. In the case of a higher gear 
train, the fraction must have a numerator and denomina- 
tor which, by using Table I, can be resolved into two 
or three factors which can be individually provided by 
the change gears. 

In making use of this method it is, therefore, 
necessary to explore the region which comes neares! 
to the afore-mentioned conditions for small errors 
Only points which have whole-number co-ordinates 
are to be tried. 


(To be continued). 
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| a permanent magnet of mass m, [g*]. 
| stator is itself suspended in the cylindrical frame (2) 





SWITZERLAND 


The Dynamic Vibrometer, a New Electrical Instrument for 
Mechanical Measurements 


By J DReEyYFuS-GRAF. 


THIS instrument consists of a transformer, a micro- 
ammeter, and a cylindrical handle (Fig. 1) and permits 
instantaneous accurate measurement without extraneous 
support, of certain mechanical characteristics, such as 
elasticity, inertia, or damping, by comparing them with 
a calibrator inside the instrument. It has been used 
for measuring, e.g., (1) stiffness of built-in springs; 
(2) looseness of human teeth (paradentose) ; 3 (3) rigidity 
of riveted or soldered joints or mountings of jewels; 
(4) mass or moment of inertia (dynamic scales); (5) 
friction coefficient of dry or lubricated surfaces; (6) 
viscosity of liquids or doughs. The handle contains a 
vibration emitter which transmits a vibratory force of 
constant amplitude to the object to be measured, and 
a vibration receiver which measures, by means of the 
micro-ammeter, the vibration amplitude of the object. 
Without the use of electronic devices the vibration 
amplitude of the object is amplified by a factor of 1000. 
The vibratory force is about 10 grams, the vibration 
amplitude of the order of 10 microns = 10° cm so 
that the molecular structure of the test piece is usually 
left undamaged. The required power of 0°1 watt is 
taken from a.c. mains. 
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Fig. 1. 


Principal elements of the vibrometer. (Cylindrical 


handle shown in section), 


Fig. 1 shows the transformer (1) (weighing 200 
grams), the cylindrical casing (2) with emitter-receiver 
(weighing 700 grams), and the micro-ammeter (3) 
(weighing 250 grams). The emitter (4) and receiver (5) 
inside the handle are built on the principle of the loud- 
speaker or dynamic microphone. The emitter coil of 
mass m, [g*]+, allowed to vibrate longitudinally within 


» the handle, is suspended, by special springs of consiant 


stiffness e, [u/g], inside the core of the emitter stator, 
The emitter 


by special springs of stiffness e, [u/g]. The receiver 
coil of mass m, [g*] also vibrates longitudinally and is 
suspended by springs of stiffness e, [u/g] inside the 
core of the fixed receiver stator, a permanent magnet 
of mass m, [g*]. It is coupled with the emitter coil 
by means of springs of stiffness e, [u/g], and with bar 
(6) and jaw (7) by means of a universal joint (8) of the 
spring type. The a.c. voltage E, sin wt at the primary 
of transformer (1) produces an alternating force of 
amplitude P [g] at the emitter coil. This force can be 
adjusted by means of the potentiometer R, When 
not pressed against a test piece, bar (6) is held against 
an internal calibrating spring of stiffness e, [u/g] by 
the pressure of the helical spring e,. However, when 
jaw (7) is pressed with force P,, [g] against an external 


tDimensional units are given in square brackets and abbreviated 


g (grams weight or force), g* (grams mass), u (microns = 10-3 mm). 
1 g* 10-7 g sec2/u. 
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(From Schweizer Archiv, Vol. 15, No. 11, November, 1949, pp. 338-343, 8 illustrations.) 


object, e.g., a cantilever leaf spring (9) of stiffness e, 
[u/g], mass m, [g*], and damping capacity d, [g sec/u], 
the bar (6) automatically lifts from the calibrating 
spring e,. The vibration amplitude X of the receiver 
coil is thus determined once by the internal calibration 
spring, and again by the external test piece, and the 
two amplitudes can be compared with each other. The 
vibration amplitude X, [u] (from test piece) or X, 
(from calibrator) is transformed into a current 7 or 
I,, [uA] respectively, and measured by the path 
X;, [mm] traversed by the micro-ammeter hand. 


























Fig.2. Equivalent electric circuit of the mechanical arrange- 


ment. 


Fig. 2 represents the equivalent electric circuit of 
the mechanical part of the vibrometer, Fig. 3 that of 
the complete instrument. Formulae (1) to (7) explain 
the working, and formulae (5) to (7) summarise the 
methods of measuring the elasticity e, [u/g], the mass 
m, [g*], or the damping capacity d, [g sec/u], of a 
test piece, once the elasticity e, [u/g] of the internal 
calibrator is known. Within the limits indicated, the 
required value is a linear function of the micro-ammeter 
current. 

The necessarily very small internal calibrator of 
stiffness e, cannot always be manufactured to the 
great accuracy which is desired. A larger portable 
external calibrator of identical stiffness e, = e,, therefore, 
serves to calibrate and control the accuracy of the 
instrument where and whenever required. A favourable 
form is that of a graduated rectangular cantilever beam 
(3 mm 10 mm cross-section) of pure aluminium 
(99'5 per cent) held rigidly in a chuck of large mass. 
The free length / can be adjusted between 1 and 20 
cm (Fig. 4) and the stiffness of the cantilever deter- 
mined by the known formula 

es PB B [cm*] 
GQ = = en ome. -» (8) 
PrP 3B 425 
where 
E,, = 63 ~ 10° [g/mm/?] and 7 = —- = 22°5 [mm‘]. 
1 
This calibration cantilever can be reproduced anywhere 
to any required accuracy. The derived units of mass, 
force and amplitude, however, are accurate only by 
comparison with the calibrator. If required, absolute 
calibrating curves can be established, to which these 
derived units can then be referred. 

The vibrometer type VMD 2e is adjusted to the 
conditions of eq. (5) and measures the elastic stiffness 
e [u/g] of an object with negligible mass m [g*] and 
negligible damping capacity d [g sec/uz]. The first 
part of Table I indicates the numerical values of the 
equivalent electric circuit of this instrument, (see Figs. 
1 to 4 and eqs. (1) to (4)). The parasitic vibration 
amplitude of the stator reaction of the emitter is X, 
=0°8 p, and the useful vibration amplitude X, is normally 
of the order of 40 ». Hence the absolute, recurring, 
error of measurement is about 1°6 per cent. The 
relative error is smaller, the less the difference between 
the amplitude X, of the test piece and the amplitude 
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X,. of the calibrator; it is zero for X, X,.. The 
magnitude of the elastic stiffness e, of the test piece 
should, for measurement with type VMD 2, lie between 
the combined elastic stiffness of the coils, e;, = 6 w/g 
and the “alana stiffness of the stator, e,/Q = 0:°2/10 = 
0:02 » 

The: second part of Table I gives numerical values 
for the external calibrator and electrical part of the 
equipment. Each micro-ampere indicated by the micro- 
ammeter (3) corresponds to a vibration amplitude of 
2 (a, = X/I = 2). If the pointer is adjusted to 
traverse a path of X; = 2 mm for each micro-ampere, 
then the magnification of the instrument is A = X,/X = 
1000. The vibratory force of the emitter coil is P = 
grams per milliampere current in the coil (a, = P/I», “5 
With a secondary transformer voltage FE, = 8 volts 
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and a potentiometer R, adjustable from 0 to 5000 ohms 
the current J, in this coil can be made to vary between 
15 and 25 milliampere; the vibratory force can, there- 
fore, be adjusted from 7°5 to 125 grams. The power 
consumption N, = E, J, then varies between 12 and 
200 milliwatts. The elastic stiffness e, of the internal 
calibrator can be chosen between 0°1 and 5 yu /g and the 
current J, produced by the calibrator vibrations can 
be adjusted between 2 and 30 micro-amperes for each 
value of e,. Since measurement consists in comparing 
the two currents J (vibrations of object) and /,, this 
adjustment is equivalent to a variation in the range of 
micro-ammeter deflections by a factor 30/2 = 15, 
The most suitable range can be chosen for each measure- 
ment and the reading remains precise. 

Fig. 5 shows characteristic curves of the elastic 


es elastic stiffness of test piece. 
Mm, mass of test piece. 
frictional damping of test piece. 
w/2n emitter frequency [sec"!]. 
ex elastic stiffness of internal calibrator [y/g]. 
I,, = current reading from calibrator vibrations [A]. 
I = current reading from test vibrations [A]. 
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Fig. 3. Fundamental electric circuit and basic formulae of the dynamic vibrometer. 
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TABLE I. 2004 
4] ; NUMERICAL VALUES FOR TYPE VDM 2e VIBROMETER. 
= io 20 30 pA a 
e, = e, = 05 p/g(l = 6cm); 50sec". 20 40 80 k 
2n 
4 ok. 2 ee ae a See are 
7” 10° 8* 5 Me 5 B*5 & 14/85 de 10° g sec/p. Fig. 4 (above left). Elastic stiffness e, of 
Ws 1 wm, the external calibrator as a function of 
m, 10 g*; —— = 60 sec!; e, = = 7p/g; Oo, ( ) = 12; its cantilever length. 
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FES fz 
Xx, 
iP 10 nA; X, = a,1, = 20n; P, = —= Wg. 
ex Fig. 5. Elastic stiffness e, of test piece as 
a function of the current reading of the 
instrument. 
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stiffness e, of the external object as a function of the 
current J read on the micro-ammeter for various 
calibrating currents J; (see eq. (5)). Although ad- 
justed to measure the elastic coefficients of objects and 
not their masses or damping coefficients, the vibrometer 
type VMD 2e is also capable of measuring, with fairly 
good accuracy, masses of between 200 and 2000 g*. 
Fig. 6 gives the calculated mass m,, eq. (6), of a test 
piece as a function of the measured current J of the 
instrument and also, for the same value of J, its true, 
weighed, mass m. 


AUSTRIA 


The vibrometer can also be specially adjusted for 
the measurement of masses according to eq. (6). This 
type, VMD 2m, allows the accurate measurement of 
masses of 40 to 2000 g*. Another adjustment, type 
VMD 2d, can be provided for the measurement of 
damping due to internal or rubbing friction (eq. (7)) 
within the limits of 1-4 to 70 g sec/mm. The limits 
cited here are, however, only given by way of example, 
and can be modified by a change of the designs values. 
Type VMD 2 is a development of an earlier type VMD 1. 
Several prototypes have been built and are in use. 


Oil Burners with Integral Vapour Atomisation Systems 


By O. Dancssecs. (From Maschinenbau und Warmewirtschaft, Vol. 4, Nos. 10 and 11, October and November, 
1949, pp. 155-159 and 171-176, 11 illustrations.) 


(Concluded from Fanuary issue). 


B. Tue “ BeroT” BuRNER (Olfeuerungsanlagen Karl 
Berger, Vienna). 

THE “‘ Berot ” burners (see Figs. 2 and 3) are particularly 
sturdy and simple designs with adequate regulation 
capacity. Five different models are produced: the 
smaller models, with a heat output of 15,000-50,000 
kcal/hr, operate on light oils, and the larger ones, 
generating up to 800,000 kcal/hr, can operate on the 
heaviest heating oils. 

The burner head contains the atomiser-burner, 
which has a central oil nozzle and a ring-shaped nozzle 
for the jacket vapour, no core vapour arrangement being 
used. 





Fig. 2. The * Berot ” burner. 


1, burner nozzle ; 7a, needle valve ; 7b, handwheel ; 7c, vil inlet ; 

7d, vapour inlet; 7e, rotary slide valve with recess; 7f, sealing 

cone ; 7g, sealing plate; 7h, nut; 7i, stuffing box; 7k, slot; 7] 

adjustable stops; 7m, follower pin; 7n, adjustable stop screws ; 
70, stop pin. 


The vapour generator has a water capacity of 0: 75-3:5 
litres (45-77-213-6 cu in.), and the vapour is supplied 
through a vapour filter followed by an annular super- 
heater tube. The heating-up device includes a remov- 
able oil-well arranged under the vapour generator ; this 
well is totally enclosed during normal operation to 
prevent any inflow of cold air. 

The feeder head contains the feed valve controlled 
by a float situated in the upper part of the vapour 
generator. This valve is placed at a certain distance 
from the generator in order that it may remain cold 
under operating conditions so as to prevent scale forma- 
tion in the water inlet nozzle, which can easily be 
lowered and unscrewed for cleaning. 

The oil regulation is done by means of a needle 
valve in the burner axis; adjustment is obtained by 
axial displacement of the threaded valve shaft. Opera- 
tion is either manual, using a handwheel, or semi- 
automatic, with a spring-loaded lever mounted on an 
extension hub fitted on the handwheel and operated 
by the regulator through a system of chains or belts. 
The oil line to the burner is preheated by passing 


52 


through the vapour space of the vapour generator. 

Vapour regulation is provided by a rotary slide 
valve arrangement on the cylindrical portion of the 
nozzle holder near the nozzle. This cylinder is fitted 
to a conical extension, which can be screwed into a 
corresponding conical recess of the burner housing to 
prevent any oil entering the vapour space. A gasket 
and a stuffing box ensure that no oil vapour leaks out 
of the burner housing. 

The oil and vapour controls are interconnected, and 
are operated by a handwheel. The handwheel is de- 
signed as a cylindrical cover; inside, in a peripheral slot, 
are two adjustable stops, which can be locked in position 
by means of screws. When the handwheel is rotated in 
either direction, the stops come into contact with a 
follower pin fixed on the cylindrical portion of the nozzle 
holder and operating the vapour-control valve. The 
amount of travel in either direction is limited by two stops 
on the tubular clamp carrying the follower pin, as these 
stops strike another pin screwed into the stuffing box 
portion of the burner housing. 

Air regulation is effected manually. The air 
draught regulator, which can be fixed in any suitable 





Fig. 3. The ‘‘ Berot ” burner. 
la, burner head cover; 2, vapour generator; 2a, vapour filter ; 
4a, pressure gauge; 4b, weight-loaded safety valve; 4c, water 
gauge ; 5, oil-well for heating-up ; 6, feeder head ; 7b, handwheel ; 
7p, weighted lever arm ; 8a, vapour shut-off valve ; 8b, oil shut-off 
valve ; 8c, sleeve with hand lever; 8d, vapour-pressure controlled 
diaphragm with retaining pin. 
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position by means of an adjusting screw, admits the 
tresh air into the injector ring surrounding the nozzle 
and into the mixing chamber. The hot cylindrical 
jacket of the injector serves to preheat the primary air 
which comes in through a slot in the housing near the 
vapour generator and passes over the jacket before 
going through the draught regulator. Air motion is 
maintained by the suction effect due to the jet vapour. 

In this way, only a small quantity of secondary air is 

drawn in under the boiler, and this has a favourable 

effect on the efficiency of the firing system. 

The safety devices include a minimum-pressure 
valve for simultaneous oil and oil vapour control. The 
shut-off valves for vapour and oil are situated on either 
side of the burner head. Each of these valves is opened 
by a separate two-armed lever actuated by the down- 
ward motion of a sleeve, which is resisted by a com- 
pression spring. The sleeve is moved vertically by 
means of a hand lever mounted on a hub carrying a 
bolt with a steel ball, which can roll on an inclined plane 
inside the sleeve. When the hand lever is turned 
towards the right, the ball moves upwards on its in- 
clined plane and presses the sleeve down, thus causing 
the opening of the two valves while compressing the 
spring between the sleeve and the lower bearing surface. 
When the hand lever is released, the reverse motion 
takes place, and the valves are closed by spring pressure. 
In order to keep the valves open at a vapour pressure 
of about 1 atm gauge, the hand lever is maintained in 
position by a stop pin. This pin is connected to a 
vapour-pressure controlled diaphragm and prevents the 
reversing of the hand lever as long as the vapour pressure 
is above the minimum permissible value. 

The oil strainer and the fire protection valve are 
not situated in the burner, but have to be installed 
separately in the piping. No special device to prevent 
vapour superheating is provided. According to the 
manufacturers’ data, the burner can be regulated down 
to approximately 25 per cent of its full load, and the 
atomised oil vapour is approximately 10 per cent of the 
total oil used. 

The main features of this burner type are its auto- 
matic system for simultaneous oil and vapour control, 
the special arrangement for the shut-off valves, and the 
injector design, as well as the preheating arrangement 
for the primary air in the burner housing which also 
Jeduces the amount of secondary air used. 

C. THE ‘“‘REKORD” BURNER (“ Rofa,” Rekord 
Olfeuerungsapparate Taschelmar & Co., G.m.b.H., 
Vienna.) 

This small-size burner, illustrated in Fig. 4, is a 
precision product particularly designed to meet re- 
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quirements in the low-output range. Twin burners 
can be used for higher outputs. ‘lhe burner is made 
in seven different sizes, the smaller models, with an 
oil consumption as low as 0-4 kg/hr, operating mainly 
on gas oil, diesel oil or petroleum, whereas the larger 
models, consuming up to 30 kg/hr, can operate on the 
heaviest heating oils with suitable preheating. 

The atomiser-burner works with jacket vapour only, 
the oil being injected through the central nozzle. 
The burner head is connected to the supply lines and 
the vapour generator by means of screw joints, different 
sizes of thread being used to ensure that the burner is 
correctly connected. 

A special mixing chamber is not provided, and mix- 
ing takes place immediately after passing through the 
vapour and oil nozzles. No oil-well system is used, 
and heating-up is done by means of compressed air 
taken from an air bottle or generated with a hand pump, 
which can be unscrewed after use. The change-over 
from compressed air to atomiser vapour is obtained 
by operating a three-way cock. 

The feed valve is controlled by a float working in a 
vessel communicating with the vapour generator, and 
is adjustable by means of an adjusting screw. The water 
shut-off valve and the water filter are connected ahead 
of the feed valve. 

The maximum oil flow is adjusted manually, and a 
particularly fine valve adjustmeat is provided. The 
rotary slide oil valve is installed laterally, and operates 
automatically with the aid of a weight-loaded lever 
arm rotated by the controller device through a chain 
or belt. 

The minimum-pressure valve is a spring loaded, 
quick-closing safety device, operated by the vapour 
pressure. A piston valve was used in older models, 
but in the more recent designs this has been replaced 
by a rubber diaphragm which keeps the valve open 
against the pressure of a spring. This valve is locked 
in its open position under normal operating condi- 
tions, but the locking device is automatically released 
when the vapour pressure drops below the minimum 
value, and the valve is then controlled by vapour 
pressure. 

Heavy oils should be preheated and filtered before 
passing through the oil control valve and the safety 
devices. For this purpose it is necessary, therefore, 
to use an auxiliary preheater unit, which can be mounted 
on the vapour generator, and a strainer fitted in the 
supply line. The fire protection valve is installed 
between the burner and the oil tank. This burner is 
also of the semi-automatic type, as it is started up by 
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Fig. 4. The “ Rekord ” burner. 
1, burner ; 2, vapour generator; 2a, flame tube; 2b, protecting sheet; 2c, drain valve; 2d, superheater tube; 2e, vapour tube 
leading to burner ; 4a, pressure gauge ; 4b, spring-loaded safety valve; 4c, water gauge; 5a, hand-operated air pump ; 5b, three- 
way cock ; 6a, feed water inlet; 6b, feed shut-off valve; 6c, float valve; 6d, float; 7a, rotary slide valve for oil control ; 7b, lever 
arm; 7c, oil tube leading to burner; 7d, conical air draught regulator; 8a, quick-closing valve (spring-loaded); 8b, rubber dia- 
phragm; 8c, pressure line for diaphragm ; 8d, shut-off device. 
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Fig. 5. The “ Simplex ” burner. 


1, vaporiser with handwheel for manual flame size regulation ; 
la, pyramid cover ; 1b, vapour dome with cap ; 2, vapour generator ; 
2a, vapour tube ; 2b, drain valve; 4a, pressure gauge; 4b, satety 
valve ; 5, heating-up device ; 5a, air regulator for heating-up device ; 
6, automatic feed valve with water gauge; 6a, water filter with 
water pressure gauge; 6b, water inlet; 7a, lever for adjustment 
of primary air; 7b, oil inlet ; 7c, automatic oil shut-off valve and 
oil control system ; 7d, oil tube ; 7e, oil filter with water separator, 
heated by burner ; 7f, secondary air flap on front plate. 
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hand and shuts down automatically in the case of any 
disturbance. 

The main features of this burner are its automatic 
control of oil flow, manual air regulation, and avoidance 
of the use of a special device for vapour regulation. 
The burner is particularly suitable for heating installa- 
tions, the vapour generator is easily detachable for 
cleaning, and the burner incorporates a specially de- 
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signed diaphragm-type minimum-pressure valve with 
a self-releasing device for automatic operation. 
D. THE “ SIMPLEX”’ BURNER (Heckl & Co., Vienna), 

The “‘ Simplex ” burner, illustrated in Figs. 5 and 6, 
is a simple, reliable, and sturdy design, which is easily 
adaptable to various operating requirements. It is 
series-produced in five models for industrial and domes- 
tic heating purposes. The smallest model weighs 
approximately 30 kg (66 lb) and has an oil consumption 
ot 3-15 kg/hr, corresponding to a maximum heat output 
ot 120,000 kcal/hr, while the largest model, weighing 
75 kg (165 lb), has a consumption of 10-140 kg/hr and a 
maximum output of 1,200,000 kcal/hr. 

The burner head contains the atomiser-burner, 
which is flexibly mounted on the vapour and oil supply 
tube so that it can be adjusted in any direction when 
the burner is first being installed. The oil tube can 
also be shifted axially so as to obtain a correct adjust- 
ment between the burner orifice and the beginning of 
the flame, according to the type of heating oil used, 
The burner operates without core vapour, i.e., with 
jacket vapour only. The vapour and oil spaces are 
separated by a conical sealing member. 

The vapour generator is of the single-jet type and 
has a water capacity of 7:5 to 24 litres according to the 
size of burner considered. The preheater unit is 
built-in at the front end of the burner and has an oil 
well with a capacity of 0-25 litre. The preheater is 
filled with liquid fuel through a filling tube. The 
supply to the vapour generator takes place through an 
automatic feed valve arranged on the left-hand side. 
A float working in the vapour generator controls the 
opening of a double-acting cone-and-sphere type valve, 
which closes in the direction of flow of the water. 
This valve is situated in a low-temperature region. 

Flame intensity is controlled, according to the heat 
required, by a rotary slide-valve type oil regulator 
with a weight-loaded lever arm operated by the con- 
troller device through a belt or chain-type transmission. 
The oil flow control is through a wedge-type slot in 
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Fig. 6. The “ Simplex ” burner. 


1, burner ; la, pyramid-shaped cover; 2, vapour generator; 2a, flame tube ; 2b, drain valve; 
gauge; 4b, spring-loaded safety valve; 5, heating-up system; 5a, air regulator for heating up ; ; 
7b, oil inlet; 7c, oil regulator (rotary slide valve with weight-loaded lever); 7f, manual oil 


6c, cone-and-sphere valve; 6d, float ; 


2c, superheater tube; 4a, pressure 
6, feeder head ; 6b, water inlet ; 


regulation ; 7g, primary air draught regulator ; 8, diaphragm valve. 
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the : alve, which has adjustable maximum and minimum 
flam: positions. Within these limits, further adjust- 
men: can be made manually by means of a handwheel 
on the atomiser which operates an auxiliary valve. 

‘The oil control system is also used as an efticient 
preheater. When very heavy heating oils with a high 
pour point are used, an oil strainer heated by the burner 
vapour is mounted ahead of the oil regulator. 

No special device is provided for vapour control. 
Automatic adjustment to load is obtained by flame 
control, as vapour flow and pressure both depend on 
the Hame intensity. By avoiding the use of a direct 
vapour control arrangement, increased safety is pro- 
vided against excessive pressures, the vapour pressure 
built up being due only to the throttling effect of the 
annular atomiser nozzle. The nozzle ring is adjusted 
to obtain optimum conditions when the burner is first 
installed. ‘Che vapour generator is, thus, not actually 
a boiler, but rather like an open vapour vessel. 

The primary air is regulated manually, whereas 
the secondary air is automatically controlled with the 
oil-control valve, through a chain transmission from the 
controller device, by means of a flap valve situated under 
the burner. The maximum flow of secondary air is 
determined, according to the permissible maximum 
load, by the design of the fire-brick channel. 

The diaphragm type minimum-pressure valve is 
built into the oil regulator, with the diaphragm arranged 
in the vapour generator wall. The valve shuts off the 
oil supply when the vapour pressure decreases. Further 
safety against oil leakage when the flame is extinguished 
is provided by a flame controller with a selenium cell ; 
as soon as the fire space is dark, this controller operates 
a warning signal (bell or lamp) and also shuts down the 
burner by acting on the slide valve. No other safety 
equipment is included, in order to keep the design as 
simple as possible. 

The atomiser vapour amounts to approximately 
20-25 per cent of the total oil flow (the percentage being 
lower for gas oil, and higher for heavy oils), and is 
less than 2 per cent of the total vapour generated. 
The flame can be regulated over a wide range, down to 
approximately 10 per cent of the maximum output. 
However, to avoid flame instability, the heat output 
should not be less than that corresponding to an oil 
consumption of 3 kg/hr. 

The main features of this burner are its sturdiness 
and simplicity, its combined automatic regulation of 
oil flow and secondary air, and its adaptability to a 
wide range of loads by automatic control of flame 
intensity. Various types of vil can be used in succession 
without requiring any changes in the burner. Standard 
components are used throughout, so that the parts 
belonging to various burner sizes can be interchanged. 


TESTS OF AN “ AUTARK ” BURNER 

An “‘ Autark”? burner type H.D. 50/3 was installed 
in a test rig at the front end of a standard fire tube 
boiler. The sliding member operating the oil-regulating 
piston was arranged in such a way that an optimum 
value for the CO,-content of the burnt gases was 
maintained for all rates of oil flow. 

The burner was operated at various loads, from 
8 litres/hr up to the maximum output of about 60 
litres/hr. Measurements were recorded of the following 
variables: oil flow, vapour pressure of atomiser, 
secondary air effect, air draught, CO, content of the 
burnt gases, and flame temperature. 

For flame temperature measurements, a slot 20 = 50 
cm was arranged on the burner housing, parallel to 
its longitudinal axis, and a Siemens-Halske ‘‘ Ardo- 
meter”’ was used; its readings were then compared 
with those of a Hartmann & Braun calibrated ‘‘ Pyropto ” 
radiometer. The measuring position was along the 
flame axis, 40 cm from the nozzle. The CO,-content 
of the burnt gases was registered with a “‘ Carboscope ” 
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and verified with ‘‘ Orsat ” gas analysis equipment. 

The tests of this burner showed that, over a very 
wide range of loads, the vapour pressure of the atomiser, 
the flame temperature as well as the CO,-content are 
variable with the rate of oil flow. 





Rotary Furnaces for Nodulising the Flue 
Dust of Blast Furnaces in Luxemburg 
Steel Works 


By H. WELTER. (From L’Ossature Métallique, Belgium, 
Vol. 14, No. 10, October, 1949, pp. 445-450, 9 illustra- 
tions.) 


In Luxemburg steel works, the amount of blast 
furnace flue dust collected is about 160 to 360 lb per 
ton of pig iron. Analysis shows its composition to be 
about that of a good “‘ minette”’ ore of 36 per cent 
iron with 0°7 per cent manganese and 4 to 5 per cent 
coke dust. Losses of this order of magnitude make 
it economically justifiable to instal recuperation plant, 
and rotary furnaces were chosen since they could be 
heated entirely by surplus blast furnace gases and 
charged with very fine, dry dust, with or without the 
addition of fine ores and mill scale. Even relatively 
large amounts of fine ores can be recuperated in these 
furnaces, provided the combustion gas or air is pre- 
heated. A few large central plants can serve several 
steel works, and three such installations are described 
in the present paper. 

Two early furnaces, installed in 1930, recuperate 
about 350 tons of flue dust per day with a consumption 
of about 14,000 cu ft of gas per ton. Their economic 
success led to the installation of a larger rotary furnace 
for a production of 600 tons of nodulised flue dust and 
fine ores per day. Charged with fine ores and with 
air pre-heated to 500° C and gas pre-heated to 300° C, 
this furnace easily recuperates 650 tons per day and 
consumes 31,500 cu ft of gas per ton; production can 
be stepped up to 800 tons per day if 20 per cent of 
flue dust or 2 per cent of pulverised coke is added to 
the charge of fine ores. The rotary furnace itself 
consists of a tube 250 feet long, slightly inclined to 
the horizontal (4 degrees), 17 feet largest diameter, 
rotating at an adjustable speed of 0°8 to 1:4 rpm, and 
driven by a 200-hp motor. The charge is introduced 
at the upper end of the furnace and traverses first a 
pre-heating zone, then a reducing zone, and finally the 
nodulising zone. Heavy mechanical scrapers, about 
2 ft in diameter, 65 ft long, are introduced at intervals 
of about 4 hours to scrape the nodulised charge off the 
furnace walls. 

The incoming charge is transported on automatic 
conveyor belts, weighed, and mixed thoroughly by 
passage through various feed-hoppers. After passing 
through the furnace, the charge drops onto a cooling 
conveyor, is carried through a brick-lined cooling 
tunnel arranged underneath the furnace, then either 
transported into rail wagons, or taken by hoisting 
buckets of 1500-lb capacity, further cooled during 
mid-air transport to the blast furnace plant, and un- 
loaded directly into blast furnace silos. The combus- 
tion air is pre-heated to 150 to 200° C in the cooling 
tunnel, and then further pre-heated to 500° C in stain- 
less steel tubes of a heat exchanger. Another ex- 
changer with mild steel tubes pre-heats the furnace 
gases to about 300° C. After ignition at the nodulising 
end of the furnace, the burnt gases travel through the 
furnace in the opposite direction to the charge, and 
are then filtered and exhausted through a chimney 200 
ft high. The production is controlled by simultaneous 
adjustment of the furnace speed, transport speed of the 
incoming charge, and amount of gas supplied. The 
article also describes, and shows photographs of, the 
structures and buildings required for the plant. 
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Some Design Problems of Nuclear Power Plants. 


By W. F. Davipson. (From Nucleonics, Vol. 5, No. 5, November, 1949, pp. 4-15.) 


GENERAL 


IN principle, the general design problem of nuclear 
power plants is very simple. The apparent and obvious 
solution merely involves taking the heat released by 
controlled chain-reaction nuclear fission from the re- 
actor and using it in a suitable heat engine for conver- 
sion into mechanical energy which may be used for 
driving an electric generator. It is known that each 
of these steps involved in the overali transformation 
of energy can be made, and the problem is how they 
can be fitted together to make a practical power plant. 
This question is discussed in the following. 


BASIC SCIENTIFIC FACTS 


To begin with, it is important to have in mind a 
few basic facts : 


(1) Fission of certain atomic nuclei releases large 
amounts of energy—roughly 4 « 10!° BTU per lb. 

(2) The fission reaction may be made a self-sustaining 
or chain reaction if certain very exacting conditions 
are satisfied. 

(3) The rate of reaction may be varied from the explosive 
range to any desired low rate. 

(4) Nearly all the energy appears as heat with only a 
small part as energy associated with more or less 
delayed radioactivity. 

(5) Fission is accompanied by intense radiation of 
lethal character. 

(6) U**5, that is, the isotope of uranium with an atomic 
weight of 235, is the only fissionable isotope that 
occurs in nature. The fissionable isotopes U*** 
and Pu?%*® do not occur in nature but may be pro- 
duced in reactors by transmutation from the natural 
U?8 or from the natural thorium. 


Each of these six facts has a bearing on the development 
of nuclear power in general and on the design of nuclear 
power plant in particular. The relative salient points 
are: 

1. The importance of the very large potential 
energy per unit of weight comes chiefly from the almost 
weightless character of the “‘ fuel.”” As compared with 
coal the weight ratio is one to three million, and this 
ignores the weight of air necessary to burn the coal. 
A weightless fuel would, in the absence of tariff barriers 
and artificial price control, have the same cost at any 
place in the world. Aircraft and surface vessels might 
be made almost free from the high price they must now 
pay for carrying their fuel with them. 

The possibility of establishing a self-sustaining 
fission reaction is of vital importance. There are other 
nuclear reactions which release large amounts of energy, 
but they are not self-sustaining and require far more 
energy to initiate the reaction than is released. 

The mechanism of a chain reaction is as follows :— 
The fission of an atom is initiated by the entry of a 
neutron—an uncharged particle—into the nucleus of 
the atom, thus creating an unstable condition which 
results in “‘ fission” into two parts and the ejection of 
from one to three neutrons. The total mass after 
fission is less than the original mass, the difference or 
loss of mass appearing as energy (Einstein’s equation 
E = mc). The fact that some neutrons are ejected 
is of vital importance, for this provides the means for 
initiating additional fission and establishing a chain 
reaction. However, a steady-state chain reaction re- 
quires that for every fission there shall be, on the average, 
one neutron which initiates a new fission. If the num- 
ber is less than one, the reaction will die out; if it is 
greater, it will increase. The rate of change depends 
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on the amount by which the average differs from unity, 
and in any power reactor (contrary to the atomic 
explosives), this will be an exceedingly small fraction. 

3. The rate of reaction is only influenced by ordin- 
ary engineering ranges of temperature, insofar as they 
influence the density of the materials in the reactor. 
At the same time the number of neutrons ejected is, 
on the average, less than three, so that the supply is by 
no means unlimited. Also the supply of neutrons may 
be used up in many ways besides causing fission. 
Neutrons may escape from the reactor; they may 
enter non-fissionable nuclei; and they may even enter 
fissionable nuclei in such a way that fission does not 
occur. 

For power generation, the explosive reaction is of 
little interest beyond having the assurance that the 
danger of accidental explosion can be made acceptsbly 
small, which is relatively easy to do. Instead of re- 
action times measured in micro-seconds and tempera- 
tures measured in millions of degrees, the power plant 
designer is interested in nearly steady-state conditions 
and temperatures not higher than that of the ordinary 
chemical combustion. 

4. Since most of the energy appears as heat, the 
temperature will depend on the balance between the 
rate of reaction and the rat2 at which heat is removed. 
Although the rate of reaction is essentially independent 
of the temperature within the range of engineering 
interest, there is a delayed ‘‘ after-effect ’’ caused by the 
energy release by radio-activity, which may be important 
in some operating and control problems, for there is no 
way in which this energy release can be regulated. 

5. The radiation of alpha and beta particles, neu- 
trons and gamma rays that accompanies fission, creates 
a serious hazard, for in any power reactor the intensities 
are such as to be almost instantly lethal to any living 
thing. Elaborate and usually very massive shields are 
necessary to provide protection for personnel and to 
limit the zones that may become radioactive, for many 
materials on exposure to neutron radiation, in particular, 
become radioactive, thus creating the need for further 
shielding or protective measures. 

6. The U*** isotope occurs in nature as only 07 
per cent of natural uranium. Under suitable condi- 
tions U2*> may be used to transmute an approximately 
equal amount of the predominant U*** into neptunium, 
which changes, by radioactive processes, into another 
fissionable isotope, plutonium 239. If the Pu?*® is 
next used to initiate the transformation of more U*"*, 
a “‘ breeder ”’ reaction has been established. In theory, 
it should be possible to repeat this breeder cycle in- 
definitely until all of the U?** has been converted into 
fissionable isotopes. A somewhat analogous trans- 
formation of thorium-232 into fissionable U*** may 
also be initiated by U***. The hope of large-scale 
power production rests heavily on the possibility of 
practically utilising U?** and Th**? in this manner. 


BASIC ENGINEERING PROBLEMS 


One of the basic and, indeed, rather obvious facts 
to be borne in mind when designing a nuclear power 
plant is that the efficiency of the thermal prime mover 
driving the generator will be higher, the higher the 
adopted steam temperature, and it is clear that for 
practical operation the heat must be available at the 
prime mover at a temperature of at least 300° F. Several 
preliminary studies have been based on values in the 
range of 750 to 1200° F. 

The need to keep neutron loss, and, in particular, 
loss by escape from the reactor, within tolerable limits 
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leads to a spherical or cubic shape and one large unit 
rather than several small ones, for only in these ways 
can an acceptable surface-to-volume ratio be obtained. 
Some help can be derived from the use of neutron 
reflectors, but at best this is not great. The designer 
must also avoid as much as possible the use of materials 
showing a high specific absorption of neutrons. 

The control system of the reactor must be sensitive 
with rapid response and yet be designed to give stability 
and to ensure an unusually high degree of reliability. 
To meet these requirements, several new sensing ele- 
ments or primary detectors must be devised. These 
in themselves present challenges to the instrument 
designer, the more so because in some cases the very 
activities that it is essential to measure are destructive 
of the instruments. In addition, the control system 
itself presents several conflicting requirements arising 
from such factors as the wide range of time-constants 
and response characteristics. In fact, the opinion was 
recently expressed that finding a good solution to these 
problems may be crucial to the future of nuclear power. 

The materials used in the active zone of the reactor 
must not undergo significant changes in their essential 
characteristics as a result of their exposure to radiation. 
While mechanical engineers have become accustomed 
to such concepts as fatigue and creep of metals and 
recognise the problems of corrosion, the introduction 
of nuclear reactors has brought in a whole group of new 
problems, as under the intense bombardment by all 
types of nuclear particles in the active zone of the 
reactor, no engineering material is entirely immune 
to change. The first task is, therefore, to ensure that 
the changes that do take place are within tolerable 
limits. 

Another requirement is that there be some heat 
transfer medium that can absorb the heat released in 
the reactor and make it available for use in the turbine 
or other heat engine. Two considerations, in particular, 
make this difficult to satisfy. For one, the needs for 
stability under radiation, low specific neutron absorption, 
and high specific heat, are conflicting in some degree 
and not satisfied by any common fluid. For the other, 
the materials that most nearly meet the first require- 
ment cannot be used directly in a heat engine. A 
two-stage system seems to be almost a necessity. Other 
requirements such as thermal stability and non-corro- 
siveness only add further complications. 

Adequate shielding for the protection of personnel 
and equipment against radiation is another essential. 
Although basically this can be satisfied by providing a 
shield of sufficient mass to absorb the radiations, in 
practice this involves a number of difficult problems in 
detailed design. It may also require the use of two 
heat transfer media with a heat exchanger which is also 
a radiation shield between them. 


FIRST OUTLINE OF A POWER PLANT 


When exploring possible nuclear power plant 
arrangements, only two of the various heat transfer 
media seem to meet the requirements set by the reactor 
and also to be usable directly ina heat engine, namely, 
air and helium. Both could be used in a gas turbine, 
but air would be radioactive and both might become 
contaminated with radioactive fission products. Con- 
sequently, it seems almost imperative to provide for a 
heat exchanger which will serve to isolate the radio- 
activity and keep it from the turbine. 

This heat exchanger, or steam generator, can be 
fed from the reactor, for instance, by means of water, 
molten lead or molten cadmium, and can supply heat 
to a convenient heat engine. For the latter, a steam 
cycle offers by far the greatest degree of flexibility, as 
the upper temperature may be anywhere in the range 
250 to 1050° F, with the possibility of even higher 
values. The higher temperatures, although desirable 
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from the point of view of efficiency, lead, however, to 
serious difficulties in the design of the reactor. 

The power-plant design has thus been narrowed 
down to a reactor transferring heat to a fluid heat- 
transfer medium, which is circulated through a steam 
generator to produce steam which is utilised in a turbine 
driving an electric generator. The turbine and genera- 
tor can be quite conventional. The steam generstor 
presents some new, but not unique, design problems. 
In particular, more than usual care will be needed to 
develop a construction which will be free from leakage 
to safeguard against contamination of the steam by 
radioactive materials. It will be necessary, too, to 
devise means for cleaning the water tubes from time to 
time without dangerously exposing the personnel to 
radiation, for it must be assumed that water contamina- 
tion cannot be avoided entirely. 

The most difficult, and very new, problems come 
in the reactor design, and for the purpose of the analysis 
of this stage, a reactor of the Hanford type shall be 
taken as a starting point. In this pile, the uranium is 
encased in close-fitting aluminium tubes, which are 
then inserted into tubes of slightly larger diameter 
disposed in the carbon moderator. The cooling water 
is circulated through the annular spaces between the 
tubes. As these piles were designed for plutonium 
production and not for power generation, the tem- 
peratures in the cooling water were kept low. 

Merely to reduce the rate of flow of the water until 
steam, and superheated steam, is produced is not 
possible, as at ordinary pressures the density and, con- 
sequently, the neutron absorption coefficient of steam 
are much less than those of water; this would cause 
disturbances in the nuclear reaction which may lead to 
instability. Operation at the critical pressure and tem- 
perature of steam which would solve this problem is 
ruled out by metallurgical and constructional con- 
siderations. 

The evaluation of other materials as heat-transfer 
fluids presents a complex and difficult problem as a 
considerable number of physical properties, such as 
specific heat, thermal conductivity, density, viscosity, 
and neutron absorption coefficient, have to be taken 
into account. The following fluids have been men- 
tioned as possible media for this purpose :—helium, 
water (in spite of the objections mentioned above), 
molten cadmium, molten lead, air, and some eutectic 
mixtures involving lead. Before any of these can be 
used, extensive studies of heat transfer performance 
will be necessary, and these are engineering studies of 
great complexity. 


SOME PROBLEMS OF MATERIALS AND 
PROCESSES 


Metals suggest themselves at once as the principal 
structural materials, although ceramics offer some 
interesting possibilities. Of the metals, low alloy steels 
seem to be excluded because of their high neutron 
absorption, low strength at elevated temperature, and 
questionable stability under radiation. Aluminium for 
power reactors seems clearly out of the picture because 
of low strength at high temperatures. Some of the 
stainless steels have possibilities, although not wholly 
desirable on the basis of either neutron absorption or 
thermal conductivity. In fact, there is no metal com- 
monly used in engineering that would not be open to 
major objections. As regards the higher melting point 
of metals which have not been used for engineering 
purposes—beryllium, titanium, molybdenum, tantalum, 
tungsten and others, their metallurgy has not been 
developed sufficiently to permit of drawing conclusions 
at this time. It is certain that any of them would be 
costly, if not prohibitively so. The physical properties 
of these metals when fabricated in sizes suitable for 
power plant use are not well known. At best, these 
materials should be classed as “‘ interesting possibilities.” 
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Ceramics cannot be considered as direct substitutes 
for metals, because their properties can be realised only 
when the basic machine design is developed with their 
use in mind. This, however, requires development 
work in new fields of engineering. 

Some means must be devised to permit of removing 
fission products and replenishing the supply of fission- 
able materials. As the range is not large between the 
lower limit of density of fissionables necessary to 
maintain the chain reaction and the higher limit 
uf density when control becomes difficult, the main- 
tenance of satisfactory operating conditions requires an 
approach to a continuous process. In the case of the 
Hanford-type pile, this means removal of one bar or 
slug of uranium in its aluminium case and its replace- 
ment by another one. A continuous process of some 
type, rather than a batch process, would have many 
advantages. How this can be done is not clear at 
present, for the difficulties are not only those of a 
mechanism to handle the radioactive materials, but 
also, in even greater measure, those of designing a 
reactor which lends itself to such processes. 

Special tools for maintenance and repair will have 
to be devised, for, the presence of radiation, even when 
the reactor is not operating, will make it unsafe to use 
the usual tools and techniques of conventional fuel- 
burning power plants. 

Provision must also be made for the treatment of 
the depleted: charge removed from the reactor. The 
need for conserving fissionable materials, especially if 
nuclear power generation is to become widespread, is 
such as to necessitate the careful processing of the 
charge as removed from the reactor to separate the 
unspent fissionable materials from the fission products. 
The unspent materials would then be reprocessed and 
used again, while the fission products would be disposed 
of. This will probably be chiefly as waste materials, 
although it seems probable that a few of the constituents 
will have other uses which would justify the cost of 
recovering them. The unusable waste material will 
have to be buried on land or disposed of far at sea by 
measures that will not bring death to animal or plant life. 

As regards shielding, the experience gained in the 
design of research reactors should provide most of the 
required information. 

The problem of controlling a reactor of a power 
unit so as to meet a fluctuating power demand is con- 
siderably more complex than the control of a research 
reactor, and it is likely that the first power units will 
have to operate as constant output base load stations 
on to an existing supply system, until sufficient operating 
experience is gained. 

Although there seems to be no obvious reason why 
many of the items of auxiliary equipment used in con- 
ventional power stations—such as fans, pumps, heat 
exchangers, flow meters, should be redesigned for use 
in an atomic unit, it is possible that materials less sus- 
ceptible to change by radiation will have to be used. 
However, this equipment must be designed with due 
regard to the protection from radiation of the personnel 
carrying out maintenance or replacement work. 


GENERAL LAY-OUT 


From the foregoing the general outline of the 
lay-out of a nuclear power plant can be drawn up, 
although, naturally, the experience which will be gained 
in the operation of the first units is bound greatly to 
affect the design of future plants. 

Considering power station plant—as against special 
plant for naval or military applications—no important 
departure from the conventional design is required 
either in the turbo-generator unit with its condenser 
or in associated electrical switchgear. The steam 
generator, however, will differ in several respects from 
an ordinary boiler unit. If the heat transfer medium 
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is a gas, the unit may have many of the characteristics 
of a waste-heat boiler; if the heat transfer medium is a 
liquid or molten metal, the heat transfer will be pre- 
dominantly by conduction and convection and almost 
not at all by radiation. In this case, more uniform 
use of the heat transfer surfaces may be expected; 
taken with the elimination of the furnace volume, this 
will result in significant reductions in size of the steam 
generator. Structurally it will be necessary to place 
particular emphasis on tightness, for any leaks might 
result in contamination which might be troublesome 
on either side of the steam generator. This may require 
the use of corrosion-resistant alloys and almost complete 
welding of all joints. If molten metals are used for 
heat transfer, some means must be provided for draining 
the metal on shut-down of the reactor or for melting 
it in place when starting up. 

_The reactor and the fluid heat transfer system are 
entirely new elements. In bulk they will be rather 
smaller than the furnace combustion space for an equal 
output. For example, a reactor in the form of a cube 
with a ten-feet edge length has been estimated as 
appropriate for a 45,000-kW unit. To this must be 
added the heavy radiation shield of concrete or similar 
material and space for the fluid circulating pumps. 

Although the weight of the “ fuel” and “ ash” 
be handled will be comparatively small, its radioactivity 
will require elaborate, and probably bulky, equipment 
to permit safe handling. Cranes may be larger than 
the coal hoists replaced. 

he nuclear station as pictured will not require 
forced and induced draught fans, nor air preheaters, 
but there will be other auxiliary equipment such as 
circulation pumps of possibly equal bulk and equal 
complexity. If the reactor can be so designed that the 
fissionable materials, and the fission products, are 
tightly encased in metal capsules which are not opened 
until delivered to a chemical reprocessing and recovery 
plant, the quantity of radioactive gaseous products to 
be handled at the power plant will be small; but this 
merely means that the task of the disposal of the radio- 
active waste products will be shifted to the chemical 
works. 

The picture of a nuclear power plant that thus 
emerges shows a turbine room and electrical equipment 
galleries similar to those in conventional coal-burning 
stations, and with smaller, but much more complex, 
equipment where the boiler house and coal handling 
equipment had been. 


ECONOMIC CONSIDERATIONS 


The question of the cost of such a plant and of its 
prospect of producing energy that will be economically 
attractive cannot be readily answered in view of the 
lack of available data as to probable costs of the essential 
nuclear fuels. About all that can be said is that plant 
cost will probably be considerably higher than for fuel- 
burning stations. The “fixed charges” will be 
correspondingly higher. On the other hand, the cost 
of ‘“‘ fuel”? may be much less than for coal-burning 
stations. 

Until years of successful operation have proved 
their reliability, nuclear stations will have to be built 
for safety reasons in more outlying areas, where also 
the problem of the disposal of radioactive products 
might be solved more easily. This is likely to reduce 
the price of the site, but may lead to significant increases 
in transmission costs, which would offset some of the 
possible advantages of lower generation costs. 

If, as assumed, conventional steam turbo-generating 
sets are used, an adequate supply of cooling water must 
be provided for the condensers of the turbines. All 
that can be said in this respect with certainty is that 
at some time in the future, nuclear power plants may 
not be influenced as adversely as fuel-burning power 
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cases, as, for instance, ship propulsion, where the 
savings in weight of “‘ fuel ” may offset a large increase 
in first cost, and where the hazards may be minor in 


comparison with others that are accepted. 
Suction Casting 


By V. N. GRuDINSKY, I. B. KHAzAN and I. I. FINGER. (From Avtomobilnaya Promyshlennost, August, 1949, 
pp. 19-21, 5 illustrations.) 


CASTING under vacuum, using a hood placed over the difficult. For comparison, two castings were made 
mould, is known to give an improvement over con- simultaneously in each case, one with and one without 
ventional methods. However, the method is little used suction. The castings were tested for soundness 
as it causes considerable complications in foundry under water with air of 120 psi pressure. The gases 


planis by lack of natural cooling water supplies. 

The above economic considerations apply specifi- 
cally to power plants for electricity supply systems. 
They are, of course, not applicable to a number of other 








work. 

In an attempt to find a simpler way of achieving 
similar results, several methods of applying suction to 
portions of moulds and to cores have been investigated. 
The initial experiments were carried out with suction 
from the underside of the mould. A welded chamber 
with perforated top, shown in section in Fig. 1, was 
used. A variety of cast iron and aluminium castings 
were made, chiefly in shapes that tended to yield a 
high percentage of scrap owing to incomplete filling 





TO VACUUM SUCTION 
PUMP CHAMBER 


Fig. 1. Suction from underside. 


of the mould. With suction applied, this percentage 
dropped sharply. In some cases, metal penetrated as 
far as 3!/, in. deep into '/,, in. dia. vent holes. 

In view of these good results, further experiments 
were made with a cylinder block casting. This casting, 
shown in Fig. 2, is one third of the cylinder block of 
the Russian 6-cylinder FAZ-51 engine. It weighs 75 
pounds and was chosen for the shape of its water jacket, 
having one core opening only, which makes casting 
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Fig. 2. Experimental cylinder block. 
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developed during casting were carried away by suction 
trom the cooling jacket core through a single pipe as 
shown in Fig. 3. A striking improvement resulted. 
Without suction, the metal used to “‘ boil,” splash and 
sometimes burst the mould. With suction, the metal 
entered the mould quickly. Without suction, not a 
single casting had been flawless, whereas with suction 
the castings were dense and sound, as was revealed by 
testing with compressed air and by examination of the 
the microstructure. 


TO VACUUM 
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Fig. 3. Suction from water jacket core. 


The vacuum applied in the experiments described 
varied within wide limits. It depended on the portion 
of the mould where suction had been applied, on the 
shape of the casting, and on the composition of the 
moulding sand. In the last mentioned experiment, 
with suction of gases from the cooling jacket core, the 
vacuum varied between 800 and 3000 mm water column. 
For production conditions, centrifugal blowers should 
be used in view of the high capacity required, and 
because the gases form an ex- 
plosive mixture with air. This 
would be dangerous when com- 
pressed in a piston-type pump. 

With regard to the duration 
of suction, it was found that, 
in general, it should start about 
6 seconds before the commence- 
ment of casting, and should stop 
50 seconds after casting is ter- 
minated. 

In conclusion, it is stated 
that the simple device of gas 
suction from the core is a very 
promising contribution to the 
improvement of casting quality. 
It enables the use of stiffer cores 
made from sand mixtures that 
tend to give off more gas. The 
method is now being introduced 
experimentally at the Vladimir 
Tractor Factory and at the 
Molotov Motor Car Factory, 
Gorky. 
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UNIT CONSTRUCTION j 
In mass production, standard and universal machine a 
tools are generally replaced by special machine tools, M | | |_| N GS 
which are expensive and difficult to use for other pur- ne 
poses when manufacture of the product for which they bia 
have been constructed is discontinued. Standard and A N ee G FR | N [.) | N G 
universal machine tools, on the other hand, are ineffi- fixe 
ciently used when employed in mass production, as of ; 
they are not used to their full capacity, but have only M A. tH, | N -E S cat 
a limited function to fulfil, Thus, they are wastefully pa 
em oyed. In mass production, therefore, a relatively Fi 
new principle, that of unit construction, is being in- b A RT | | | te 
creasingly adopted. This principle has been described ie 
in this journal?°, and an ever-increasing literature on oe 
j i j i 25 21, 22, 23 in ‘ » 
where standardization bf the “units” commenced ative is through Vee-belts, the tension of which is ad- | sp 
in 1943 and is still being continued, as it is thought justable. The spindle, ik oe ome a vs) pr gp _ 
to provide the first step in the rehabilitation of ajustable double-row i oo — > es ei ~ ‘t ble 
their production facilities shattered by the War. How- end, in two duplex ball bearings. ee ee 
P y for milling light alloys. 
A heavier unit is shown in Fig. 96. The drive is 
effected through change gears and worm gearing, the 
oe : latter damping vibrations. This unit is used for milling 
. = ee oe. cast iron and steel. = ; : 
c — workholding unit. The field of application for unit construction can 
d -- machine base. be summed up as follows :— 
1. asasubstitute for standard machine tools. 
2. asasubstitute for special machine tools. 
3. in line-flow production. 
Among the pioneers of unit construction in Britain 
are James Archdale & Co. Ltd., who build a number 
= gz 1 | AAAS 
wont b | . W 
‘ ==" 3 WT af Ss ers 
rm - | Tena 
{ Yili Z Z 
| ENS ESS Oj ‘i 
(A) (B) Sse F | Fig. 
sig. 94. Schematic sk of machine tools built by unit ‘ 
sails — So . ae ae =a —* cos 
(A) horizontal arrangement. (B) vertical arrangement alll 
ever, generally applicable technical considerations com- i) 
pel other countries to undertake development work in 
this direction, and as will be seen in the following, the Fig. 95. High-speed milling head unit (Gebr. Heller). 
inherent simplicity and the need for ingenuity appear 
to give the industrial designer scope in this work. Biases Sg See SS EET ra 
Fundamental considerations in the rapid construction = 
of machine tools for special purposes are concerned . SS 
with the reduction of the design stage to a minimum, | “WieN SAllaaZ 
rapidity of construction, and ease of convertibility of INS WON YF 
the machine tool after having served its original purpose. IN 4 
The principle of unit construction derives from the “ : 
division of machine tools into their basic units, Fig. 94, ; aS 2 ee Se 2 a 
that is, machining units a, feed units 6, work holding SLT Saree | 4 
unit c, and the base d, which is generally fabricated by aS {a 
welding to suit the machining operations required for il ; SY \ 
a given workpiece. Thus, after reconversion of such a | eT ee |G \ 3 
machine tool to a new purpose, all the “ units ”’ are RT) ie ' , 
ready for use, and only a base has to be constructed to Gamay i / 
suit the new purpose. The units are, therefore, econo- eS 4 
mically employed. = oe 
To give some examples of milling head units let us ' or 
consider the high-speed unit, Fig.95; thishas been stan- Fig. 
dardized by the German firm Gebr. Heller and has been y ci 
published previously in these pages **. The spindle Fig. 96. Heavy milling head unit (Gebr. Heller). 
FEE 
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of unit heads for drilling, boring, tapping and milling. 
Some examples of the latter will be given below. Of 
course, a number of unit heads for various operations 
can be combined on a common base to build up a special 
machine. 

Fig. 97 shows an Archdale duplex machine with 
fixed-height heads for milling the cylinder block faces 
of a tank engine, the cylinder-head casting of which was 
milled on a duplex machine, Fig. 98, the heads of which 
are adjustable in height within limits on wedge blocks. 
Fig. 99 shows a single-head fixed-height milling unit 
for milling the feet of electric motor casings. Fig. 100 
shows a duplex machine with unit milling heads. These 
heads are of fixed height and have a single predetermined 
ad- speed. Each of these heads is fitted with a 10-hp 
as motor for driving 16-in. diameter inserted blade face 
her 
ible 





Fig. 99. Archdale single-head milling unit. 
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Fig. 97. Archdale dupl hine of unit construction with 
fixed-height milling head. 


Fig. 100. Archdale duplex machine of unit construction with 
fixed-height milling heads, one of which is swivelling. 


milling cutters. Both the heads are adjustable to and 
from the table of the machine. The left-hand head is 
arranged to swivel through an angle of approximately 
20 deg. and, in addition to each head being ddjustable to 
and from the table, the spindle quill is adjustable in 
and out for fine cutter setting. The machine was 
supplied for milling the sides of cast iron axle boxes. 


SOME SPECIAL MILLING MACHINES 


Fig. 101 shows the French CWB vertical head milling 
machine FVS 5000 specially designed to deal with pro- 
duction problems encountered in light alloy milling, as 
the most economical rate of cutting aluminium and light 
alloy stock is often not attainable on machine tools for 
ferrous metals. The main feature lies in the very high 
speed movements obtainable from cutter and table, but, 
for lack of space, a detailed description of the machine 
is not given. It should suffice to mention a few points 
of interest to the industrial designer. These are the 
centralized controls, which are so arranged that their 
Fig. 08, Axchdaleducl iste: OF winte coiatracelacs with operation both in regard to sequence and also direction 

adjustable-height milling heads. of movements follows a logical plan based on the natural 
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Fig. 101. CWB High-speed surface milling machine for light 
0. 


alloy milling, type FVS 500) 

and obvious movements instinctively made by the 
operator, and the visual indication of spindle speed 
and power. Two indicators show (a) the spindle speed 
and the power available at that particular speed, and (b) 
the actual power being used. Thus, the full power 
available can be utilised without fear of overloading the 
machine. This sizeable and powerful machine (spindle 
drive motor 40 hp) contrasts with the small British 
*““Centec 3” production milling machine, which is 
illustrated in Figs. 102 and 103. This is a machine 
made for the mass-production of small parts, since it 
operates either fully automatically or in automatic re- 
peating cycles. It is made by the Central Tool and 
Equipment Co. Ltd., Richmond, Surrey. 


The advantages of direct current for variation of 


speed are exploited in this machine, since the main 
drive is by a d.c. motor, which is fed and controlled 
electronically from a three-phase a.c. supply. This 
system gives infinitely variable spindle speeds from 100 
to 3,000 rpm by means of a graduated dial attached to 
a rheostat. The rheostat controls the speed in two 


Fig. 102. “Centec 3” production milling machine, front 
view 





overlapping speed ranges from 100 to 600 and 500 to 
3,000 rpm, the range required being selected by a simple 
gear change lever at the back of the machine. The 
spindle power over part of the speed range is constant 
and is proportional to the speed over the remainder; 
ample power is thereby available at all spindle speeds. 
The electronic control equipment is self-contained in 
a drawer, which pulls out at the back of the machine 
pedestal. The table feed is hydraulic, giving an in- 
finitely variable range. A special circuit is employed 
giving an automatic operating cycle, providing a fast 
approach of the work to the cutter, followed by a slow 
feed and return. Alternatively, the cycle can be re- 
peated twice on the same stroke when two fixtures are 
employed (See Fig. 104). As can be seen, the machine 
is built with its head offset from the centre line of the 
main body. 

The table reciprocates on a solid bed and both the 
vertical and cross movements are accomplished at the 
head. The pedestal is of interesting design, being a 
combination of a structural casting covered by a sheet 
metal housing. In this way, the rigidity of the casting 
is combined with the pleasing appearance of the sheet 
metal. A recess is provided in the pedestal to take 
the knees of a sitting operator, and a tool drawer is 
located on the right-hand side. The sheet metal 
housing is designed in such a way that access is given 
by easily removable hinged panels to all components 
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Fig. 104. Diagram showing the rate of feed plotted against 
table travel for a milling cycle when operating upon two 
components in series. 


housed in the pedestal. The lay-out of the control 
panel is noteworthy. 

In the bottom centre can be seen the spindle speed 
adjusting dial whilst the spindle stop-start push buttons 
are conveniently located above and on the right. To- 
wards the top of the panel is the red indicator lamp 
showing when the current is on. The handle with a 
Fig. 103. ‘ Centec 3” production milling machine, rear 

view 
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Fig. 105. Holroyd P4} thread milling machine. Fig. 107. 


“ Matrix ” No. 51 thread milling machine (Coventry 
Gauge & Tvol Co., Ltd.) 


Figs. 105 and 106 show two Holroyd thread milling 
machines, which, due to functional requirements, such 
as the need for a lead screw and work-holding arrange- 
ments, resemble lathes rather than other machines in 
the milling machine class. It is also interesting to 
note that these two machines differ visually from each 
other in spite of identical functions. 

The work may be carried between centres, or may 
be gripped by collet chuck or self-centering jaw chuck. 
An adjustable stay is provided as additional support 
for the work. The cutter spindle is hollow to accom- 
modate long shafts, screws or bar. For short work an 
extension centre and bracket are provided. A dividing 
motion is arranged on the workhead for multiple start 
worms and screws. The cutter is driven through pre- 
loaded and anti-backlash gearing (with three speeds for 
the P 43, Fig. 105, and six speeds for the P6, Fig. 106) 
operated by a single lever. Provision is made for lead 
change gears and feed change gears. A selector gear 
box enables either the lead screw or the workhead to 
be driven first. The work table for each machine 


Fig. 106. Holroyd P6 thread milling machine. 


micrometer dial, seen just below the coolant 
pipe line, controls the vertical adjustment of 
the head. Special-purpose milling machines 
are too numerous to allow of more than a 
superficial treatment in this paper. This is 
not intended; rather is it intended to show 
the wide variety of forms that such machines 
can assume and to stress the importance to 
the designer of translating function in terms 
of form. In the mastery of this art lies the 
way towards new conceptions in machine 
tool design. Many of the more progressive 
designs have been shown in this journal during 
the past few years (e.g., a Blade Milling 
Machine, p. 241 of reference 24), and need 
not be repeated. To conclude this chapter 
on milling machines, a few more types— 
thread and gear millers—will be discussed. 


Fig. 108. ‘“ Spiromatic” No. 2 spiral bevel gear 
milling machine (Oerlikon Machine Tool Works, 
Buehrle & Co., Zurich.) 


Continuous rotary working process without dividing 

device, with a blade milling head which generates 

“Eloid ” gearing. For wheels up to 21 in. pitch dia., 
1lin. taper length, D.P. 2°5, 11 hp. 





has automatically adjustable trips for length of traverse, 
and there is a quick power return motion. 

Another Holroyd machine, a special auto thread 
milling machine, was described and illustrated in this 
journal on p. 248 of reference (24). 

A thread milling machine still more resembling a 
lathe in appearance is the ‘‘ Matrix ” No. 51, illustrated 
in Fig. 107. It has been primarily designed for the 
production of threaded plastic dies. 

Some of the desired requirements are :—(a) shrinkage 
of the plastic component during the moulding process ; 
(b) special thread forms; (c) the production of precise 
lengths of thread, often in blind holes; (d) right-hand, 
left-hand and taper threads terminating close to a 
shoulder; and (e) the unblemished finish of the complete 


die. The maximum threading capacity of the “‘ Matrix” 
No. 51 is 3 in., and work up to 18 in. long can be admitted 

The cutter head assembly is mounted on the saddle 
of the machine and is traversed along dual flat slides 
by means of a lead screw and gearing. The lead screw 
is centrally mounted in the machine, vertically below 
the axis of the workhead spindle, and the minimum 
number of gears is used between the work and the screw. 

The infeed of the cutter to the work is. controlled 
by means of a feed-screw and nut, operated by a large 
graduated handwheel on the front of the saddle. Con- 
veniently placed and easily readable dial gauges ensure 
accuracy and are particularly useful in cases of internal 


(Continued on page 66) 


Redesigned for Eye Appeal 


REDESIGNING for appearance will often result in a 
machine that is superior to the original. An excellent 
example of what is possible is illustrated by the photo- 
graphs. The pumps are Ingersoll-Rand boiler feed 
units of the double casing type used for central power 
station service at pressures up to 2900 psi. The left- 
hand illustration shows the pump as it was built prior 
to the external redesign. It is evident that the oppor- 
tunities for improving the appearance were not com- 
pletely explored. The nearest or thrust bearing end, 
in particular, gives a cluttered-up impression due to 
the numerous items exposed. These include a thrust 
bearing, gear oil pump, relief valve, pressure gauge, oil 
reservoir, oil cooler, and piping back and forth between 
them. The arrangement, however, has consistently 
given good service. The same comments also apply to 
the base. 

The other photograph shows the same type of pump 
completely redesigned externally. Here the pump and 
the base are integrated into ore unit which suggests 
stability. This was achieved by broadening the base 
and extending it upwards to meet the cover of the 
pump so that the surface is continuous. A horizontal 
strip at the centre line breaks it into two rectangles of 
pleasing shape. The new base readily lends itself to 


fabrication, which is a decided advantage in that more 
flexibility in adapting various driving motors and 
arrangements is possible. 

The nearest end of the pump was cleaned up by 
extensive changes in the bearing and lubrication system. 
be 





The individual components, however, were not altered, 
since they have proved themselves mechanically. First, 
the gear oil pump was lowered into the oil reservoir 
below the oil level. This has the double advantage of 
hiding an unsightly part and eliminating the need for 
priming. Next, all the piping to and from the thrust 
bearings was replaced by passages in the extended 
oil pump body. This made it possible to give the 
bearing bodies smooth sleek shapes. To enhance the 
appearance even more, sunken socket head cap screws 
were used so as not to interrupt the exterior. 

The remaining accessories, with the exception of 
the oil cooler, were incorporated into the reservoir, 
and the connections between them were replaced by 
drilled holes in the reservoir casting or internal piping. 
Consequently, the only outside lengths of piping left 
are those connecting the cooler and the inboard bearing 
to the reservoir. The cooler was intentionally left 
exposed because it is subject to customer’s choice and 
is apt to vary appreciably in size. 

The main flange of the pump was not changed 
materially since. it was felt that the uniform circle of 
large nuts gave the machine a rugged appearance which 
suggested its high pressure service. 

An important feature of the redesign is that the 
parts involved were actually simplified for manufacture 
and assembly. In addition, it is now possible to open 
up an installed pump by breaking only one oil piping 
connection. As a result, a much better-looking pump 
that is easier to build and service was obtained. 
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included in condensed form in this section. 


CLASSIFIED ABSTRACTS 


Numerous important abstracts which, for lack of space, cannot be published in our main editorial columns, are regularly 
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ELECTRICAL ENGINEERING 


The Detection of Inter-Turn Faults during Im- 
pulse Tests of Transformers 


By B. HELLER, J. HLAvKA, and A. VEVERKA. (From 


Elektrotechnicky Obzor, Czechoslovakia, Vol. 38, No. 
17, 1949, pp. 413-420, 15 illustrations.) 


Tue authors of this article investigated H. Aeschlimann’s 
method* of detecting short-circuited turns in a trans- 
former winding. They treated the problem on the 
basis of rigorous mathematical analysis and applied the 
results to investigate the oscillograms of the experiments. 
By considering the variation of the magnetic induction 
along the winding with the faulty turn, they first derived 
the differential equation of the voltage oscillations caused 
in the winding by the applied surge. They found that 
the natural frequency of these oscillations can be, under 
extreme conditions, nearly five times greater than the 
natural frequency of the oscillation of the winding, 
with no short-circuited turn present. The ratio of the 
natural frequencies is given by the equation 
way = 02/3 ms) 

where w is the natural frequency of a winding with a 
short-circuited turn and w, that of a winding without 
a short-circuited turn. M, is the mutual inductance 
of neighbouring turns, m the medium length of a turn, 
5a value depending on the magnetic stray field and « a 
root of the determinant of the differential equation. 
The values w/w, thus calculated, and also those experi- 
mentally obtained, are smaller than those found by 
Aeschlimann. The change in the value of the natural 
frequency, however, is sufficient to detect one faulty 
turn out of 2000 good ones. 








Fig. 1. 
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The authors also found that the change in the natural 
frequency of the winding is largest when the fault is 
about one quarter of the winding length away from the 
end where the surge is applied. However, if the faulty 
turn is at the free end of the winding, no change in 
the natural frequency is observed. This is shown in 
Fig. 1, where w/w, is plotted against the position of the 
shorter circuited turn in the winding. 0 is the point 
where the surge is applied, and 1 the other, free, end 


*See The Engineers’ Digest, November, 1949, pp. 384-386. 
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of the winding. 

The authors describe the experiments they carried 
out in the second part of their paper, and explain the 
oscillograms they obtained. They also discuss different 
methods to be used when applying the above principles 
for the detection of inter-turn faults in various trans- 
formers. 


The Metallised-Paper Capacitor 


By H. Straes. (From Elektrotechnische Zeitschrift, 
Germany, Vol. 70, No. 9, August, 1949, pp. 287-293, 
25 illustrations.) 


THE article gives an account of a remarkable new de- 
sign of the so-called MP (metallised-paper) capacitor 
which was developed and introduced by the firm of 
Robert Bosch G.m.b.H. in Germany before the last 
war, but published only recently. It has been applied 
since 1936 for communication capacitors and was 
eventually developed als for power capacitors. 

A local breakdown of the dielectric of a capacitor 
causes a short-circuit between the metallic layers, and 
the discharge of the stored capacitive energy destroys 
not only the local insulation, but also many more layers 
in the vicinity. This is due to the small clearances be- 
tween the metallic foils and, therefore, to the low 
ohmic conductivity of the gap immediately after the 
breakdown. The new design aims to suppress the 
short-circuit as far as possible, and achieves this by 
using extremely thin foils of high ohmic resistance. 
The energy of the reduced short-circuit current is just 
sufficient to damage the faulty sheet of paper dielectric 
and does not affect the layers further away. The thin 
foils at the fault burn away quickly and clear the fault, 
so that the rest of the capacitor remains intact in service. 

The extremely thin foils of about 0-1 (the commonly 
used foils are about 6 — 8, stuck on the dielectric 
paper for mechanical reasons, and are artificially sec- 
tionalised by subdividing the foil according to certain 
patterns, in order to restrict the flow of energy 
fiom the neighbouring unaffected sections. Such a 
capacitor restores itself after each local breakdown. 
The article includes a photograph of an 8 uF, 450 volt 
cylindrical capacitor, through which a nail is driven 
at 1000 Volts. Although this nail caused two break- 
downs in each of the very many windings, the capacitor 
restored itself. The capacitance was reduced to 7°89 uF. 

The new design enables the manufacture of tele- 
communication capacitors with a dielectric of only 
one sheet of paper, which is impossible with the usual 
designs. The volume of the capacitor is reduced to 
about half. 

Since 1938 the design has also been applied quite 
successfully to power capacitors. An illustration of a 
30 kVA, 220 volt a.c. capacitor which has been in 
service since 1938 is given. 


LUBRICANTS AND LUBRICATION 


Theoretical Considerations on Minimum Oil Film 
Thickness in Bearing Lubrication 

By M. Cavé. (From Revue Générale de Mécamque, 
France, Vol. 33, No. 12, December, 1949, pp. 503-508, 5 
illustrations.) 

BETWEEN the range of hydrodynamic lubrication and 

that of boundary films, another pronounced range of 

characteristic lubrication behaviour has been shown to 
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job all the time and overtime, giving continuous trouble- 
free service under the toughest conditions. Ranging from 
23 to 85 b.h.p. (there is also a Petrol/Vaporising Oil Engine 
for particularly heavy duty) these thrifty units are readily 
adaptable for a very wide range of industrial equipment. 
Cranes, air compressors, generating sets, winches, stone 
crushers, road rollers — these are only a few of their many 
uses. Our Industrial Unit Department is freely at the dis- 
posal of manufacturers of Industrial Equipment for the 


full discussion of their particular problems. 
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Lubricants and Lubrication—Continued. 





exist, that of ‘‘ minimum oil film thickness.”*. The 
minimum thickness of an oil film as well as its rupturing 
stress depend on the nature and viscosity of the oil. 
Data for several oils are given in the paper. 1n contrast 
to the boundary film lubrication, the range of minimum 
films still guarantees safe functioning of the bearing 
under the tollowing two conditions: Due to rotation 
of the shaft, the external load on the bearing is balanced 
by the pressure on the oil film plus a certain pressure 
of hydrodynamic character which helps to ease the 
“static? pressure on the film. The geometrical con- 
ditions of the bearing and the oil supply must be such 
as to allow this hydrodynamic pressure to establish 
itself automatically. Moreover, the temperature rise 
during running must not change the original character- 
istics of oil or bearing metals. Based on these 
experimental facts, the present paper establishes the 
conditions for ‘‘ minimum oil film thickness ’? by com- 
bining the known Hertz equations (static pressure 
between two bodies in forced contact) with the hydro- 
dynamic theory. 

The mathematical equations lead to the following 
results: If the “‘ Hertz ’’ pressure between the surface 
segments in direct contact under an applied load is 
smaller than the critical rupturing stress of the oil used, 
the “minimum film” will establish itself from the 
start of rotation. Even if the applied load exceeds 
this condition, a “‘ minimum film ” may yet be estab- 
lished above a certain running speed, above which the 
combined action of hydrodynamic force (hydrodynamic 
pressure x mean bearing area) and maximum static 
force which the minimum film can carry outbalance the 
applied load. This condition is connected with the 
position which the shaft axis takes up with respect to 
the bearing axis. The exact shaft position, therefore, 
characterises the lubricating conditions for any constant 
speed. The mathematical formulae show that the 
speed at which the “ minimum film ”’ commences to 
form decreases with increasing bearing length and 
diameter (the absolute value of the play being assumed 
as constant) and with the quality of the surface finish 
of shaft and bearing. 


If the carrying force corresponding to the static 
tupturing stress of the film is negligible as compared 
with the carrying force of the hydrodynamic effect, 
the transition range of ‘‘ minimum film lubrication ” 
does not occur, i.e., we have either hydrodynamic 
safe conditions or boundary lubrication with wear. If 
on the other hand, the hydrodynamic carrying force 
is negligibly small, the Hertz formula alone determines 
the lubrication qualities, i.c., the minimum film, if 
not present from the start of rotation, cannot establish 
itself during running. Completely calculated examples 
are given from practice. 








*M. MARCELIN, Niveaux de frottement (friction ranges), oe 
Machines et Métaux No. 358. 
METALLURGICAL ENGINEERING 
Spectrographic Determination of Aluminium 
and Titanium in Steels 


By J. KuBa. (From Hutnické Listy, Czechoslovakia, 
Vol. ; No. 8, August, 1949, pp. 237-241, 7 illustra- 
tions. 





SPECTROGRAPHIC methods for the determination of 
uminium and titanium in steel are described. Both 
methods have been worked out in the laboratories of 
the Poldi Steel Works. The epplied spectrograph has 
4 spectrum of 24 cm for a diaphragm of 1:15. The 
light of the sparks passes through a gap 0°03 mm wide 
and a system consisting of three lenses with focal lengths 
of 80, 160 and 227 mm. The lens spacings are 96-95- 
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305 mm (for 3100 A) and the gap between the electrodes 
is 2 mm. The sparks are produced with a rotating 
spark gap. The electric circuit has a 3,000 cm capacitor 
and an inductivity of 80,000 cm. The wavelengths 
measured are: 308°2 A for Al and 3083°7 A for Fe 
for the determination of Al, and 3387°8 A for Ti and 


3465°86 A for Fe for the determination of Ti. Spectro- 
grams are reproduced in the paper and numerical 
values obtained are given in tables and diagrams. The 
specimen electrodes are produced in a few minutes in 
the following manner: a glass capillary of an inside 
diameter of 3 mm is fitted with a rubber tube at one 
end and connected to a vacuum pump. The free end 
of the capillary is immersed in liquid steel in a ladle 
and the vacuum pump is operated at the same time. 
The glass tube is immediately and quickly taken out 
of the molten steel and immersed in water. The glass 
breaks up into small pieces as a resuli of the sudden 
temperature drop and the steel specimen obtained has 
a diameter of exactly 3 mm and a length of up to 10 cm. 
The rod is straight and its surface is as smooth as it 
would be after very careful machining. It is sufficient 
to cut the rod in the middle to cbtain two electrodes 
ready for test work. 





DESIGN TRENDS AND THE STYLE OF 
MACHINE TOOLS 


Continued from page 64 


work in blind holes and left-hand threads on shouldered 
external components. 

The control wheel for varying the speeds is situated 
on the workhead. Incorporated in the workhead are 
two speciaily designed magnetic brakes, which auto- 
matically stop the work spindle immediately the traverse 
stroke is finished. 

Another feature is the provision for the cutter to 
be approached rapidly to the work by means of a press 
button control. When the button is released, the 
machine resumes the cutting speed selected by the 
control wheel. The return speed is rapid. 

Hobbing machines, such as those developed for 
producing large bevel gears and gear-milling machines 
in general also belong to the class of special milling 
machines. It is by the very nature of this article that it 
cannot be comprehensive, one of the reasons being that 
understanding of gear generating machines requires a 
thorough knowledge of the geometry of gears. If, 
however, a machine such as the Oerlikon Spiromatic 
gear milling machine (Fig. 108) is illustrated here, it is 
only to show that even the most complicated machine 
tool can be designed so that both functional and aesthetic 
considerations are working towards unity. The mode 
of operation of the Oerlikon machine is based on a new 
principle, i.e., that of the “‘ Eloid ”’ type of gear developed 
by Dr. B. Mammano. The basic principle of operation 
of the Spiromatic is the combination of three continuous 
rotary motions: rotation of cutter, rotation of the work- 
piece, and generating roll of the cutter relative to the 
work. Automatic hydro-electric control is provided. 


(To be continued.) 
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_NEWS OF THE MONTH 


PERSONAL 


Mr. C. R. Dunn, late European Representative of British 
Timken Ltd., has been appointed Sales manager of the Fischer 
Bearings Co., Ltd., Upper Villiers Street, Wolverhampton, a sub- 
sidiary company of British Timken Ltd. 


Mr. D. W. Hammond has been appointed works director and 
Mr. C. Whitaker, production manager, of William Jessop & Sons 
Ltd., Brightside Works, Sheffield. 


Mr. J. F. B. Jackson, B.Sc., A.R.I.C., F.IL.M., has been 
appointed director of research to the Research and Development 
Division of the British Steel Founders Association, 301, Glossop 
Road, Sheffield 10. 


Dr. Alexander Klemin, former director of the New York 
University’s Guggenheim School of Aeronautics, Dr. Hugh L. 
Dryden, director of the National Advisory Committee for Aero- 
nautics, Mr. Robert Moses and Mr. Harry F. Guggenheim 
have received honorary Doctor of Engineering degrees at exercises 
commemorating the twentyfifth anniversary of the New York 
University’s Guggenheim School of Aeronautics. 


Mr. C. W. Linger has been appointed to take charge of the 
Export Sales Development of Newman Industries Ltd., 49 Park 
Lane, London W.1. 


Mr. B. A. Oakley has been appointed commandant of Northolt 
Airport, and Mr. G. J. H. Jeffs, M.V.O., O.B.E., has been appointed 
commandant of Prestwick Airport. 


Mr. W. J. Rowland, F.C.C.S., has been appointed deputy 
director of Establishments, British Electricity Authority, Great 
Portland Street, London, W.1. 


Mr. A. M. Vass has been appointed works manager of the 
Consolidated Pneumatic Tool Co., Ltd.’s Fraserburgh factory to 
succeed Mr. J. U. Vass, M.I.Mech.E., who retired but remains 
director of the Company. 


Mr. A. D. Young, M.A., A.F.R.Ae.S., has been appointed to 
the Chair of Aerodynamics in the College of Aeronautics in succes- 
sion to Professor W. J. Duncan who on October Ist will take up 
his appointment as Professor of Aerodynamics and Fluid Mechanics 
inthe University of Glasgow. 


BUSINESS NOTES 


The Reay Gearworks Ltd., Lamport Street, Hebburn-on- 
Tyne, announce that the address of their new London Office is 
44/45 Tower Hill, London, E.C.3. Tel. No. Royal 1461. 


Rice & Co. (Northampton) Ltd., Eagle Foundry, Northamp- 
ton, announce that the address of their new London Office is 6 
Broad Street Place, London, E.C.2. Tel. No. Royal 1461. 


The Wolverhampton Die-Casting Co., Ltd., Wolverhamp- 
ton, have concluded an arrangement for the mutual exchange of 
technical information, methods of production, and data on existing 
a “Ts patents, with the Precision Castings Co., Inc., Syracuse, 

Day WO. aele 


British Paints Ltd., J.& W. Wilson Ltd., and the British 
Anti-Fouling Composition and Paint Co., Ltd. have ration- 
alised their marine interests into the Marine Division, British 
Paints Ltd., Royal Mail House, Leadenhall Street, London, E.C.3, 


The Cincinnati Planer Co., Inc., Cincinnati, Ohio, has 
appointed the Rockwell Machine Tool Co., Ltd., Exhibition 
Grounds, Wembley, sole agents for Great Britain. 


“Unusual Applications of Roller Chain.” The Baldwin- 
Duckworth Division of Chain Belt Co., has just published Bulletin 
No. 49-2, which will be of value to all machinery and drive designers. 
The material for this 24 page bulletin suggests the broad application 
of roller chain by means of a representative showing of very unusual 
applications. Each application is described, illustrated with photos 
and, in the case of complicated machinery, with simplified working 
drawings. To get a copy, write to the Chain Belt Co., 1600 West 
Bruce Street, Milwaukee 4, Wisconsin, U.S.A. 


British Oil Engines Societe Anonyme has been formed, with 
offices at 64 Boulevard Emile Jacqmain, Brussels, to sell in Belgium 
diesel engines made by firms in or associated with the Associated 
British Oil Engines Group—Mirrlees, Petter, McLaren, Meadows, 
Petter-Fielding, National—and the turbines and electrical products 
of The Brush Electrical Engineering Company. 

The directors of the new company are: Hon. A. C. Geddes 
Dr. J. W. Bondi, Mr. A. H. Syme, and Mr. M. Antoine Buysse. 


Franco-British Day at this Year’s Paris Trade Fair. 
During the second week of the Foire de Paris, May 13-29, a Franco- 
British Day will be held. British business men attending the Fair 
will that day be the guests of the Organisers at a banquet at which 
a high French Official will preside to welcome them. 

All interested in visiting the great Paris International Trade 
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Fair and taking part in the Franco-British celebration should write, 
as early as possible, to the Foire de Paris, 23, rue Notre Dame des 
Victoires, PARIS (2e). 


Newman Industries Ltd., 49 Park Lane, London, W.1., 
announce that to meet the special requirements of the Canadian 
and North American market, they have now in production at their 
Yate, Bristol works, a complete range of electric motors designed 
to NEMA dimensions, which will have Canadian Standards approval. 


Marshalls (Pakistan) Ltd., P.O. Box 68, The Mall, Lahore, 
has been formed as subsidiary company of Marshall, Sons & Co., Ltd., 
Gainsborough, to represent its interests in Pakistan. Mr. N. M. 
Harrison, director, and Mr. H. K. Ames, technical sales manager, 
will deal with the company’s affairs in Pakistan. Business in 
Great Britain will be directed by Mr. F. Bailey, export manager, 
at Brittania Works, Gainsborough. 


The Liege International Fair for Mining, Metallurgy, 
Mechanical Engineering and Electricity in Industry will be held 
from 29th April to 14th May, 1950. A special section will be 
devoted to Naval Construction to exhibit the latest type marine 
engines and ig: ag used in shipbuilding. Inquiries should 
be addressed to the Foire International de Liege, 32, Boulevard 
de la Sauveniere, Liege, Belgium. 


Welding Exhibition for Glasgow. The British Welding 
Research Association exhibition called ‘‘ Research and Production,” 
will be opened at The i gems Centre, 351 Sauchiehall Street, 
Glasgow, on February 20th, and continue until the 24th. 

The Exhibition will be open each evening so that craftsmen 
may have the opportunity of studying modern practice. 


Standardisation of Tapered Roller Bearings.—A Meeting 
of the British Standards Institution, Technical Committee M.E.E./30 
decided that the British Standard for Tapered Roller Bearings 
should contain inch sizes only. British Timken Limited have 
been asked to prepare a list of Tapered Roller Bearings to comprise 
this range which will differ only slightly from the Selected Range 
No. 440 issued by British Timken Limited in March, 1949. 
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INDUCTION HEATERS 


Can do these jobs better...faster... more cheaply... 
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JOINT ENGINEERING CONFERENCE, 1951 


Tue Cour cils of the Institution of Civil, Mechanical, and Electrical 
Engineers have decided to hold, in London, a Joint Engineering 
Conference from the 4th to the 15th of June, 1951, to coincide with 
the Festival of Britain. 

The theme of the Conference will be to place on record the 
achievements of British engineers and will afford an opportunity 
for the engineers of the world to discuss the future trends of develop- 
ing the great sources of power in nature for the use and convenience 
of man. The Conference will also underline the interdependence 
of all branches of engineering, for none of the great developments 
inthe last 100 years would have been possible without the constant 
and ever-growing co-operation of the members of the three major 
engineering Institutions in Great Britain. The Conference will 
also discuss the development of the system of education of engineers 
in Great Britain. 


ELECTRICITY IN NORTHERN IRELAND 


DurING the past year work continued on the extension of the 
Ballylumford Power Station. This extension involves the pro- 
vision of third and fourth turbo-alternator sets, each 31,500 kW 
capacity, with necessary boilers and other ancillary plant. The 
winter of 1948 saw the completion end commissioning of the third 
set, thus bringing the installed generator capacity of the station up 
10 93,000 kW. Work on the installation of the fourth set continued 
0 make favourable progress and when this extension is complete 
the installed capacity of the station will be brought up to 124,500 kW. 

The installation of plant to increase the capacity of the Belfast 
Harbour Power Station to 144,750 kW was nearing completion 
at the end of the year under review, and an additional 30,000 kW 
of generating and steam raising plant is now on order for that Station. 

During the year, it was decided that extension of the generating 
station of the Londonderry Corporation would be necessary in 
order to meet the increasing load of Londonderry City and approval 
was, accordingly, given to the installation at that station of a 
6,000 kW turbo-alternator set, with necessary accessory plant. 

Constructional work has continued during the year in con- 
nection with the 110 kV line from Ballymena to Drumnakelly, near 
Portadown, with a feeder to Omagh. 

Electricity supplies in the towns, villages and rural areas of the 
province increased in the year under review. 

The total sales of electricity during 1948 amounted to 
466,833,814 units as compared with 418.037,550 units sold in 1947, 
representing an increase of 48,796,264 units or over 11 per cent. 


ULTRASONIC SOLDERING IRON FOR SOLDERING 
ALUMINIUM 


Tue soldering of aluminium and other light metals and alloys is 
made easy by means of an Ultrasonic Soldering Iron developed 
in the Mullard Electronic Research Laboratories. This device 
consists essentially of a removable copper soldering bit and a 
magneto-striction transducer. The soldering bit which is heated 
by means of a conventional resistance winding, is secured to a brass 
block held in firm contact with the nickel core of the transducer. 
The ultrasonic power necessary to drive the transducer is supplied 
by an electronic amplifier comprising the power supply unit. 

In this new soldering iron the problem of temporarily destroying 
the refractory oxide film, which forms on most light metal and alloys, 
is solved by ultrasonic stimulation. This provides a clean surface 
and greatly facilitates the so!dering of aluminium and other metals 
which form refractory oxides. 

The soldering iron is simple to use, and has the advantage that 
no flux is required, and that standard soft solders may be employed. 
To avoid electrolytic action, however, it is advisable to use a solder 
with a tin-zinc base instead of the usual tin-lead alloy. 





In application, the soldering bit is allowed to heat to the usual 
operating temperature. The transducer is then energised, and 
the bit is tinned by applying a soft solder. After this, soldering is 
carried out in the normal way, care being taken to maintain a good 
liquid contact between the bit and the work. This ensures the 
maximum acoustic efficiency, and enables positive and uniform 
joints to be obtained. 

The ultrasonic frequency chosen to operate the bit is well above 
the normal audible range, so that no discomfort is experienced by 
the operator. 

This new Ultrasonic Soldering Iron, the first commercial model 
of its kind in the world, should prove of particular value in the 
aircraft, civil engineering, shipbuilding, and hardware industries— 
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and in fact all manufacturing industries where the successful 
soldering of aluminium and its alloys has for so long been a pressing 
production problem. 


SPHEROIDAL GRAPHITE CAST IRON 


IN recent months many references have appeared in the technical 
press to the new type of cast iron produced by additions of mag- 
nesium, as a result of which the graphite is present in the form of 
spheroids. This new iron has more than twice the strength of 
ordinary cast iron, is much tougher and can be bent or twisted, this 
last feature being markedly enhanced by a short time heat treatment. 
This new material can be made readily and economically, and can 
be used for many applications in engineering practice, in building, 
and for general and domestic purposes. Its use for improving the 
conventional grey iron castings and for the replacement of malleable 
cast iron and even in some cases of steel and other alloys, is rapidly 
becoming established. It is, undoubtedly, the major development 
in the iron founding field in recent times. 
U.S. Patents Nos. 2,485,760 and 2,485,761 covering the new cast 
—_ have been granted recently to the International Nickel Com- 
any. Three British applications Nos. 630,070, 630,093 and 
830, 099 in the name of the Mond Nickel Company, have been 
accepted by the British Patent Office. Patent applications have 
been made in all other leading industrial countries, and have already 
been granted, among others, in Belgium, Italy and South Africa. 
The new type of cast iron is the product of many years of 
development work in the laboratories of the International Nickel 
Company and its Associates. lready over 40 firms have been 
licenced to make the new iron in the U.S.A. Amongst them, 
individual foundries have cast as much as 100 tons of the iron in 
one day, and individual castings requiring more than 20 tons of 
metal have been poured. On the other hand, up to 12,000 castings 
of one part have successfully been made with regular results. 
Licences for the production of the new iron in Great Britain 
have now been granted to the Sheepbridge Stokes Centrifugal 
Castings Co., Ltd., Chesterfield; Robert Taylor & Son (Iron- 
founders), Ltd., Larbert, Stirlingshire, Scotland ; Lloyds (Burton), 
Ltd., Wellington Works, Burton-on-Trent; and W. A. Baker & 
Co. i Newport, Monmouthshire, and others will shortly be 
granted. 


FUSIBLE ALLOYS CONTAINING TIN 


Tus 24 pp. booklet describes the compositions and properties 
of the tin-containing fusible alloys and illustrates some of their 
more important industrial applications. 

These alloys melt at such low temperatures that they can be 
cast in wooden or paper moulds and poured around hardened steel 
dies without danger of affecting the hardness of the tools. Their 
use in aircraft factories, foundries and engineering workshops has 
simplified many assembling operations and production processes 
and resulted in considerable savings in time, labour and materials. 

Photographs show the use of fusible alloys in aircraft assembly 
jigs and in press tools, such as the blanking, piercing and forming 
dies used in the sheet metal industries. 

With the aid of fusible alloys, thin-walled tubes and open sections 
can be bent without risks of buckling or cross-sectional distortion 
and the manufacture of intricate holloware,}] such as ornamental 
handles for cutlery, is facilitated. Metal to metal joints can be 
made, by conventional soldering techniques, at temperatures as low 
as 100° C. and vacuum-tight seals can be made between glass and 
glass or glass and metals. 

The uses of fusible alloys in safety devices, foundry patterns, 
moulds for thermo-plastics, magnetic assemblies, electro-forming 
processes, dentistry, metallised wood, etc., are discussed. 

This booklet is obtainable, free of charge, on application to :— 

Tin Research Institute, Fraser Road, Greenford, Middlesex, 
England; Centre d’Information de l’Etain, 31, Rue du Marais, 
Brussels, Belgium; N.V. Billiton hea arr (Commerciele 
Dienst), Louis Couperusplein 19, The Hague, Holland; or Tin 
Research Institute, Inc., 492 West Sixth Avenue, Columbus 1, 
Ohio, U.S.A 


The First Aluminium Gas Line to be installed in the U.S.A. 
will be an all-welded line that will extend underground approxi- 
mately 1°8 miles from the main trunk line of the Alabama-Tennessee 
Natural Gas Co. to the Listerhill, Alabama, Plant of the Reynolds 
Metals Company. 

The line consists of extruded (not drawn) type 63S-T6 aluminium 
alloy pipe measuring 8§ inches outside diameter. Walls will 
be } inch thick. The line is designed for a working pressure 
of 200 psi., and a bursting pressure of 1750 psi. 

40-foot length pipes will be joined by straight butt welds. 
Ends will be prepared for welding by making a 30 deg. bevel at the 
mill so no end preparation will be necessary on the site. The weld 
will be made with two passes, using 3/1 inch diameter 5 per cent 
silicon type aluminium rod. No flux will be employed since the 
Heliarc method will be used. This system provides a complete 
shield of inert gas around the weld zone, protecting the weld anu 
surrounding metal from the action of the atmosphere. 

After welding, the entire !ength of the line including joints 
will be wrapped by applying cold No-Oxid pipe wrap, made by 
Dearborn Chemical Co. A single 40-foot section will be left, 
however, unwrapped and bypassed with another length of pipe 
which will be wrapped. Va ives will disconnect the unwrapped 
section from the line and allow the gas to flow through the bypass. 

It is planned to dig up the unwrapped section of the line at 
six-month intervals for examination. Some experimental work 
already completed has indicated that wrapping of the aluminium 
pipe may not be necessary. 

Careful cost analysis is to be made of this installation to furnish 
factual information for comparison with other types of lines. 
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As surely as it is the skill of the artiste that makes and distinguishes 
the performance, so it is the skill of the experienced moulder that produces 
a Casting of Quality. How often do we find in this life that perfection is 
missed through lack of ‘“‘finish”. Both Violinist and Craftsman find satisfaction 
in giving only of their best. Our Castings are not mass produced, they are 


made and examined individually. 


The picture on the left, shows an 
Inspector carefully checking a Transmission Case 


Castings which are dimensionally correct saye time 
and meney when it comes to machining. ere is 


no doubt that it pays to buy the best. 
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WELDING PATENT INDEX 

The department of welding engineering at the Ohio State 
University, Columbus, Ohio, has announced completion of a new 
Patent Classification Index in the A. F. Davis Welding Library, 
designed to make information on more than 12,000 U.S. patents on 
welding more easily available to industry and educational i institutions. 

Each patent in the library is classified or indexed in several 
different ways—by process, material, product, use, inventor’s 
name, date of issue, etc., on a single keysort card. These cards are 
sorted mechanically, and i in very little time the numbers of patents 
pertaining to a given field may be determined. 

The patents are divided into the 19 groups: (1) Arc Welding 
and Testing Procedure; (2) Arc Welding Equipment; (3) Arc 
Welding Electrodes, Welding Rods ; (4) Electrode Holders, Welding 
Shields, Accessories ; (5) Oxy-Fuel Gas Welding, Cutting, Heating 
and Deseaming; (6) Forge, Furnace, and Thermit Welding, 
Soldering ; (7) Butt, Flash, and Stud Welding, Induction; (8) 
Spot, Seam, and Projection Welding ; (9) Aircraft ; (10) Containers, 
Pressure Vessels, Chemical Plant; (11) Electrical Industry; (12) 
Farming Industry, Earth-Moving, Mining; (13) Links, Chains, 
Rings, Bands, Hoops, Wheels, Wire ; (14) Motor Vehicles, Auto- 
motive Industry; (15) Pipes and Tubes; (16) Railroad; (17) 
Structural Welding, Furniture ; (18) Watercraft and Water Power ; 
(19) Miscellaneous Industrial Applications. 

The index covers not only the fundamental patents on welding 
processes and equipment but also the very important field of indus- 
trial applications of the welding processes. 

Essentially, the type of information made available through the 
system is in the form of patent numbers relating to a designated 
area. Interested industrial organizations then may order those 
patent a from the patent office and refer to the material 
covered. The patent specifications are on file in the Davis Library 
and may be consulted by anyone making a search in person. 

The great advantage of the Patent Index is the speed with which 
relevant patent numbers may be obtained. Most of the searches 
can be accomplished in from 3 to 20 minutes, and their value is 
limited only by the completeness of the patent file. Itis expected 
that work will proceed for a number of years to expand and complete 
the listing of all patents relating to the welding field, according to 
Prof. Robert S. Green, acting chairman of the University’s welding 
engineering department. 

The use of the patent classification system is offered to industrial 
organizations, individuals, and educational institutions. Services 
are free of charge to those who make use of the index system in 
person, but modest charges to defray clerical expense will be made 
for inquiries handled by mail. 

New MHydraulic-Type DifferentialAccording to the 
National Patent Council, 1434 West 11th Avenue, Gary, Indiana, 
John and Frank Novak of New Jersey have been granted patent 
rights for their invention of a new hydraulic-type differential which, 
they state, will largely eliminate slipping on wet roads and will make 
it difficult to get a car stuck in mud or snow. 

According to the Novak brothers, the invention will outmode a 
direct or positive connection between the two rear axles. The 
patented hydraulic differential provides an arrangement of co- 
operating rotors utilizing a fluid as a means of transmitting motion. 

The differential resistance, which is taken up by a gear in the 
mechanical differential, is encountered by two coaxial rotors. The 
coaxial rotors are used as driver elements, hence both driving wheels 
are in power at all times, yet the required differential action is 
retained. The Novak hydraulic differential, along with other 
hydraulic devices made by the inventor-brothers, it is said, will be 
put into commercial use in the near future. 


A G.E.C. EXPORT TO THE U.S.A. 

The Pirelli-General Cable Works Ltd., of Southampton, has 
just shipped to the U.S.A. one of the latest 5-inch lead extrusion 
machines from their range of patented cable sheathing equipment. 

This machine is shortly to be installed in the Baltimore Plant 
of the Western Electric Co., where it will join others, a 5-inch 
and a 3-inch, previously installed by Pirelli-General. 

Continuous Extrusion Machines supplied to North America 
by this company now total eight. Three have gone to Canada 
and five to the U.S.A. Another recent U.S.A. installation forms 


part of a $1,000,000 expansion and improvement programme at 
the Marion, indiana factory of the Anaconda Wire and Cable Co., 
where a three-inch machine has been erected. 


NEW DUAL-STATION R.F. HEATING EQUIPMENT 

Improving the flexibility of their 4 kW R.F. heating equipment, 
Standard Telephones and Cables Limited, have recently introduced 
a model with two work stations, each of which is operated from the 
main unit. This new development enables the R.F. generator to 
be kept in full operation, thus eliminating handling time, and 
reduces capital expenditure by providing work stations at consider- 
ably less cost than that of an equivalent number of generators. 
Another ‘advantage of the equipment is that where large, compli- 
cated jigs are used for positioning the work, one station can be 
kept in operation whilst the other is changed for a new job, the 
generator thereby being kept in use, Similarly, the jig need not 
be broken down if there is no work on one station, but work can 
proceed on the other. Moreover, different work absorbing the 
same or different power can be handled. 

A special switch is mounted on the body of the main R.F. 
unit and screened connections run from the switch to the two 
work stations. Each station incorporates a variable water cooled 
output transformer, so that the operations performed by each 
station can be different in character. The work to be handled is 
jigged, and a suitable heating induction coil is attached to each 
head, then, by means of a control on the right hand side of the 
main unit, it is set for the optimum heating rate. In this way 
each position can be individually set up with the generator working 
at its most efficient condition. To provide automatic control a 
process timer and indicator lamp are mounted above each work 
station and these are switched into circuit by the same switch as 
that used for changing over the R.F. power. The switch is com- 
pow interlocked so that if moved during a hea*ing cycle, the 

. power is immediately cut off. 


WORK MEASUREMENT RESEARCH 

New developments of great importance to production engineering 
practice have been made possible through the establishment of 
a Work Measurement Research Unit within the Department of 
Engineering Production at the University of Birmingham. The 
members of this ik ae Unit are :—Professor T. U. Matthew, 
Ph.D., M.Sc., M.I.P.E., Mr. P. B. R. Gibson, M.A., A.M.I.Mech.E., 
Lecturer in Engineering Production, Mr. D. J. Desmond, M.Sc., 
M. E., Tube Investments Research Fellow, and Mr. < 3. 
Anson, B.A., D.S.I.R. Research Scholar. 

Mr. Desmond and Mr. Anson are engaged in the field work 
and industrial visits necessary for the development of the project. 

The main objectives of the Unit, which is conducting full-time 

Research work on this subject, are : 
(a) To investigate, with the co-operation of industrial firms and 
production engineers, the existing standards of consistency 
and accuracy obtaining in time study rating practice between 
individual engineers, firms, and industries, and to determine 
the allowances required as compensation for fatigue and other 
factors in different occupations and under different working 
conditions ; 

To establish methods of work measurement which will enable 

the work content of industrial operations to be determined on 

a more precise basis than hitherto. These methods which will 

incorporate the use of reference data, will enable individuals 

firstly to be trained to a standard level of consistency and 
accuracy in Work Measurement, and secondly, to maintain 
this standard by continual reference to this data. 

(c) To define on an acceptable reference basis, a ‘“‘ Standard Work 
Unit,” which can be applied to measure and compare the 
output and productivity of individuals, firms, and industries. 
This will constitute a reliable basis for international comparison 
of industrial productivity. 

In addition, the Research Unit is co-operating with the Joint 
Committee on the Measurement of Productivity, of the Institution 
of Production Engineers and the Institute of Cost and Works 
Accountants, together with other bodies, so that when the second 
stage of the project is reached, a wide and representative range of 
industrial firms can be invited to participate in the development 
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and use of reference standards through these channels. The re- 
search work will thus be placed on a national basis. 

Finally, this Research Unit is working in close co-operation with 
the American Society for the Advancement of Management, with 
the objective of using the same standard reference data. Ultimately 
as a further result of this work, it should be possible to establish 
and maintain international comparisons of labour effort and pro- 
ductivity on a sound basis. 


A HALF-CENTURY OF NICKEL-ALLOY DEVELOPMENT 

The development of nickel alloys for electrical, mechanical and 
chemical uses began at the close of the nineteenth century. The 
history of this development is, in fact, the history of the Driver- 
Harris Company, now celebrating their 50th anniversary. 

The first nickel-chromium alloy made under the mark 
** Nichrome ”’ was produced by the Company in the early days of 
the present century. It consisted of approximately 65 per cent 
nickel, 15 per cent chromium and 20 per cent iron. 

Changes were quickly made, however: the most definite being 
to reduce the iron content in favour of nickel and chromium: the 
resulting alloy, ‘‘ Nichrome II,” containing 70 per cent nickel, 
20 per cent chromium, 10 per cent iron. Shortly after the 1914-18 
war “* Nichrome III ”’ appeared, and a year or two later “‘ Nichrome 
IV ” was produced with a straight 80 per cent nickel. 20 per cent 
ae composition. 

Each of these changes had resulted in improved performance, 
especially in the working temperature, which was raised progres- 
sively. Nothing further could be done, however, to alter the ratio 
of chromium to nickel. 

The Driver-Harris research was directed, therefore, to per- 
fecting the manufacturing processes and to learning more of the 
influence of the minor elements in the alloys. It was known that 
every one of the minor constituents, carbon, silicon, manganese, 
and so on, present in the alloys, exercised an important effect on 
the working performance of the finished wires and strips. By 
altering, adding and subiracting the types and amounts of these 
minor elements a new technique of alloy manufacture has evolved. 
This technique has had a greater effect on the behaviour of nickel- 
chromium alloys in practice than has any other. 

But it was not enough simply to discover, through research, the 
effects of changes in the constituent elements. Methods had to be 
found to control the changes in the manufacturing processes 
particularly the melting processes, and the whole field of this branch 
of investigation continues to make most promising progress. 

Concurrent with the work on the minor metallurgical elements 
has been the study of nickel alloys to meet the ever-increasing and 
precise requirements of particular applications. 

Steady development since the introduction of the original 
** Nichrome ”’ the standard A.S.T.M. temperatures had to be raised 
progressively. In its original form the initial test temperature was 
1950° F. Today it is 200° F. higher than the original, and the 
high standards established for Driver-Harris alloys are recognized 
as internationally-accepted standards of quality and reliability. 

In these fifty years the organization has become the largest 
company in the world devoted exclusively to the manufacture of 
electrical heating and heat-resisting alloys. 

The Hungarian Five-Year Plan, 1950-1955, contemplates 
vee "aaa of industrial production by 86.4 per cent above the 1949 
eve 

The plan provides for the following annual increase of produc- 
tion figures :—Coal from 11.5 to 18.5 million tons ; Pig iron from 
428,000 to 960,000 tons ; Steel from 890,000 to 1,600,000 tons ; 
Electrical energy from 2,200 million kWh to 4, 270 million kWh. 
Construction of three thermal, one natural gas and one water power 
plant is contemplated. The plan includes the building of 263 
factories which include 35 metal working, 21 mining, 38 chemical, 
20 textile and 2 shoe factories. Larger projects include the building 
of a new high-duty steel furnace and rolling mill at Mohacs, a new 
aluminium foundry and a new steel foundry. 

The Next Gauge and Tooi Exhibition. The exact dates 
for the next Gauge and Tool Exhibition to be organized by the 
Association in May, 1951, have now been decided. 

The Exhibition, which is to be held at the New Hall of the 
Royal Horticultural Society, Vincent Square, London, will open 
on Tuesday, May 15th, 1951, and close on Friday, 25th May, 1951. 

Provisional reservation of Stands by Members of the Gauge 
and Tool Makers’ Association reveal that the space is already con- 
siderably over-booked. 

An Exhibition of I.C.I.’s Technical Literature will be held 
at the Academy Cinema Exhibition Hall, Oxford Street, London, 
W.1, from March 6th to March 17th. 

A selection of technical publications grouped according to the 
industries for which they are intended, will illustrate the diversity 
of the interests that I.C.I. serves. 

I. publishes new technical literature at the rate of two 
publications per day, or 800 per year, and from two to four million 
copies are printed annually. As a contribution to the pool of scien- 
tific literature, this is reckoned to be unparalleled in Great Britain. 


BRITISH STANDARDS 


(Copies of British Standards may be obtained from ry British 
Standards Institution, 24, Victoria Street, London, S.W.1) 

U.D.C. Metallurgy. (B.S. 1000(669) 1949). This B.S. is the 
latest of the series of complete sectional tables of the 4th edition 
of the Universal Decimal Classification being prepared by B.S.I. 
It is a 44-page document, containing a detailed alphabetical subject 
index, and is published at 10/-. Similar in principle to the Dewey 
Classification (widely used in public libraries), the U.D.C. has 
been expanded and modified to meet the requirements of workers 
in special fields of science and industry. The principles are clearly 
explained in the 5-page introduction to the Abridged English 
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oan. published last year as B.S. 1000A: 1948 (pp. 127, Price 

5/-). It is recommended that metallurgical firms and institutions, 
Sialing to arrange their documents in a systematic manner, should 
make use of this abridgement as a background upon which to base 
the more detailed classification of metallurgy proper for which the 
present document is designed. 

Full schedules of the 4th (English) edition so far available are:— 

Generalities and Auxiliary tables (7/6 
5 Mathematical, natural and biological science (3 parts, 
each 10/-). 
621.3 Eiectrical engineering (10/-). 
Other sections (e.g. 61 Medicine, 62 Engineering, 66 Industrial 
chemistry, 676/677 Paper and Textiles, 678/679 Rubber and Plastics, 
and 69/72 Building and Architecture) are in active preparation, and 
it is hoped to publish these during the next year or two. Mean- 
while, complete tables for other sections are available in French 
or German. 

Aluminium and Aluminium Alloy Ingots and Aluminium 
Alloy Castings for General Engineering Purposes. (B.S. 
1490: 1949). The various British Standards for pone and 
aluminium alloy ingots and castings have now been combined into 
a single schedule, which also includes specifications for ingots and 
castings which have not previously been covered by British Standards 

A system of nomenclature, in line with that adopted in the 
recently issued B.S. 1470 for wrought aluminium and aluminium 
alloys sheet, strips, etc., has been adopted. The standard covers 
aluminium of 99 per cent purity and 20 different alloys each in the 
form of ingots and castings. Details are also given in regard to 
the certification of compliance with the standard, independent 
tests, the provision of test samples and inspection procedure. 
Price 7/6 

Lead Pipes for other than Chemical Purposes. (B.S. 
602: 1949). The experience gained since 1939 has shown that 
requirements as to chemical composition cannot apply equally to 
all the pipes covered by the standard. The new edition therefore 
increases the metallic lead content and reduces the antimony and 
tin contents of service and distributing pipes and gas and condensa- 
tion pipes. A new composition has been adopted for flushing and 
warning pipes and soil, waste and soil-and-waste ventilating pipes. 
The requirements relating to grain size have now been made applic- 
able only to service and distributing pipes, and illustrations have 
been included representing excessively fine and excessively coarse 
grain sizes, which can be compared with the desirable mean size. 
A tolerance has been specified on wall thickness and the marking 
requirements have been amended as compared with the earlier 
edition of this standard. Price 2/6. 

The Nickel Bulletin. The December issue contains an 
article on the use of corrosion-resistant alloy steels in the heavy 
chemical industry, by F. H. Keating, F.I.M., of Imperial Chemical 
Industries, Ltd., who discusses the steels available to the chemical 
engineer and examines in detail the types of duty for which each 
class may be used in the chemical industry. 

In addition to a number of abstracts, the December issue con- 
tains an annual index of subject matter. 

Copies may be obtained free of charge from: The Mond Nickel 
Co., Ltd., Sunderland House, Curzon Street, London, W.1. 





Classified Advertisements. 


The Rate for all classified advertisements is 6d. per word ; in bold 
print 9d. per word ; minimum order 6s. Box number advertisements 
ls. extra. Instructions together with remittance must be received not 
later than the 3rd of each month for advertisements to appear in the 
same month’s issue. 





WANTED 


BACK ISSUES OF THE ENGINEERS’ DIGEST wanted. 
Full price, 4/6 per copy, will be paid for each copy of the November 
and December, 1948, issues (Vol. IX., Nos. 11 and 12) and January, 
1949 issue (Vol. X, No. 1). Double the original price, 9/- per copy 
offered for copies “of the August, 1940, issue.—Send copies to the 
SUBSCRIPTION DEPARTMENT, ‘‘ THE ” ENGINEERS’ DiGEstT,” 120 
Wigmore Street, London, W.1. 


WORK WANTED 


URGENT PRIORITY CASTINGS.—Well-equipped, _ old- 
established Foundry has small part of its capacity immediately 
available for British engineering firms making for export or other 
high priorities. Precision aluminium gravity die castings; zinc 
pressure die castings.—Write or phone Thos. Ashworth & Co., 

Ltd. (Dept. A/15/2), Vulcan Works, Burnley, Lancs. (Burnley 


3505). 

PLANT WANTED 
One Zinc and one aluminium PRESSURE DIECASTING 
MACHINE required. State make, age, and price. Reply Box 
No. J.1.1. 


FOR SALE 


NISSEN TYPE HUTS, ex-Government stock, reconditioned 
and supplied ready for erection. All sizes in 6 ft. multiples. 36 ft. 
y& = <7 £65 & £54; 24 ft. by 16 ft., £46 & £38 ; 72 ft. by 16 ft., 
£12 & £97; delivered .h. Plasterboard Fo and other build- 
ong Some 24 ft. span Nissens.—Write, call or telephone, Univer- 
sal Supplies (Belvedere) Ltd., Dept. 50, Crabtree Manorway, 
Belvedere, Kent. Telephone No. ERITH 2948. 


THE-ENGI'NEERS” DICEST 
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